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A NTT —COAGULANT PROPERTIES OF MACROCYCL TC COMPOUNDS 
AND METHOD OF TREATMENT 

This invention is a continuation-in-part of U.S. 
5 patent applications for "Macrocyclic Anti-Viral Compound 
and Method", Serial No. 647,720, and "Method of Treating 
Herpes Simplex Viral Infection, Serial No. 647, 469, both 
filed January 29, 1991. 

10 1. Field of the Invention 

The present invention relates to macrocyclic 
anticoagulant compounds and methods of inhibiting blood 
coagulation. 

15 2. References 

Andriuofi, G. et al. (1990) Hemostasis 20 (suppl. 1) : 
154-158. 

Baboir, B.M. and Stossel, T.P. (1984) Hematology; A 

pathophysiological Approach . Churchill Livingstone, 
20 New York, pp. 171-189. 

Brown, B.A. (1988) Hematolog y: Principles and 
Procedures . 

Lea & Febiger, Philadelphia, pp. 204-254. 
Caramazza, I. et al. (1991) Thrombosis Research 62:785- 
25 789. 

Majerus, P.W. et al. (1990) in Roodman and Gilman's The 
Pharmaceutical Basis of ThP-rapeutics (Gilman, A.G. 
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etal., eds.) Pergamon Press, New York, Chap. 55: 
1311-1331. 

Powers, L.W. (1989) n^emostic H^at.oloqy: Clinical and 

ggchjlisai Principles. C.V. Mosby Co. St. Louis, pp. 
5 135-143. 

3. RanVarour ^ g£ the Invention 

Blood coagulation or clotting is the result of a 
complex series of biochemical reactions. In the normal 

10 course of events, hemostasis and the associated process 
of blood coagulation prevent undue loss of blood from an 
injured blood vessel. However, inappropriate coagulation 
of blood may occur within the circulatory system in 
pathological states such as atheroschlerosis or in 

15 response to a variety of insults, including surgery and 
implantation of medical devices. This can lead to 
occlusion of a vessel and/or thromboembolism, in which 
all or part of a blood clot breaks loose and becomes 
lodged as an embolus in another region of the circulatory 

20 system. Such emboli are, in some cases, life- 
threatening, especially when they cause obstruction of 
the pulmonary or cerebrovascular circulatory system. 

Prevention of blood clotting is therefore considered 
a crucial part of the treatment regimen for patients at 

25 risk for developing thromboemboli . Disease or treatment 
states in which anticoagulant therapy is indicated 
include replacement of heart valves, grafting procedures, 
chronic bedrest, surgery, venous thrombosis and pulmonary 
embolism, arterial embolism, stroke, presence of abnormal 
30 coagulation factors, certain stem cell diseases, and 
homocystinur ia . 

in order to understand the various means by which 
blood coagulation can be controlled, a basic 
understanding of the cascade of reactions leading to 
35 formation of fibrin and blood clots within the 
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circulatory system is essential. These reactions and 
their components have been reviewed extensively 
(Majerus,Baboir) and will be only summarized briefly with 
reference to Figure 14 herein. 
5 Coagulation of blood can be stimulated by either of 

two different, but interconnected pathways - the 
intrinsic and extrinsic pathways. In both pathways, 
blood coagulation results from a series of zymogen 
activation steps involving enzymatic cleavage of the 

10 inactive zymogen molecule to an active protease, which, 
in turn, activates the next enzyme in the pathway. With 
reference to Figure 14, the linking point between the 
intrinsic and extrinsic pathways is activation of the 
zymogen Factor IX to the active protease, Factor IXa. 

15 The intrinsic pathway is so called, because, 

following the initial contact stimulus, only factors 
intrinsic to the blood are involved in its functioning. 
In this pathway, as studied in vitro , interaction of 
Factor XII, prekallikrein, and high molecular weight 

20 kininogen with a foreign surface, such as glass or 

kaolin, results in conversion of Factor XI to Factor XIa, 
which activates Factor IX to Factor IXa. 

Factor IXa is a protease which converts inactive 
Factor X to active Factor Xa. This conversion is 

25 accelerated by the presence of platelets or phospholipids 
(both designated PL in the figure) , cof actor Villa, and 
calcium. The conversion of Factor II (prothrombin) to 
form Factor Ila (thrombin) is enhanced by the presence of 
platelets or phospholipids, factor Va, and calcium. 

30 Factor Va can be released by stimulated platelets. 

Thrombin is a protease which cleaves the high 
molecular weight fibrinogen to fibrin monomers. These 
monomers form a gel, to which red blood cells adhere to 
form a blood clot. The strength of the clot is increased 



WO 92/12708 



10 



15 



by the fibrin monomer interchain transglutamination 
reactions, catalyzed by factor Xllla. 

To complete the common pathway shown in figure 14, 
clots are broken down ("dissolved") by an endogenous 
fibrinolytic system. The active protease plasmin is 
formed from inactive plasminogen by enzymatic cleavage 
catalyzed in vivo by one or more of a number of 
endogenous -activators, including tissue plasminogen 
activator (t-PA) . Streptokinase, a bacterial product, or 
urokinase, isolated from human cells, are also capable of 
activating plasminogen, as shown in figure 14. Plasmin 
non-specif ically cleaves fibrin and other plasma 
proteins, including some of the clotting factors. 

In the extrinsic pathway, exposure of blood to a 
tissue factor is the stimulus for conversion of Factor IX 
to Factor IXa. Tissue Factor is a lipoprotein present on 
surfaces of non-circulatory cells, such as fibroblasts, 
or activated monocytes or endothelial cells to which the 
blood may be exposed in certain pathological states. As 
shown in Figure 14, Factor Vila, in the presence of 
calcium, effects the conversion of Factor IX to Factor 
IXa as well as the conversion of Factor X to Factor Xa. 
Factor VII itself has about 1/100 the proteolytic 
activity of Factor Vila, and is therefore able to 
25 initiate clotting. Tissue factor increases the 

activities of both Factor VII and Factor Vila about 
30,000 fold. Formation of Factor Xa, also accelerates 
the process by converting still more Factor VII to Factor 
Vila. 

in general, agents which affect blood hemostasia 
fall into three categories: agents which interfere with 
platelet activation and aggregation, agents which 
interfere with portions of the above-described 
coagulation cascade, and agents which promote 
disintegration of blood clots. Aspirin, dipyridamole 
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and ticlopidine are examples of anti-platelet drugs. 
Their utilities as anti-clotting agents are generally 
limited to prophylaxis against atherosclerotic disease, 
repeat myocardial infarction, transient ischemic attack, 
5 and alone or in association with anticoagulants in 
certain cardiac valvular disorders. They are not 
generally used in the treatment of other abnormal 
clotting events, such as venous thrombosis, nor is there 
considered to be a mechanistic basis for their use in 

10 such disorders. 

Agents which promote disintegration of blood clots 
(fibrinolytic agents) include tissue plasminogen 
activator, streptokinase and urokinase. These compounds 
are used post-myocardial infarction to prevent 

15 thromboembolism. 

Currently available anticoagulant drugs are limited 
to the heparin-like compounds, which are active only when 
given intravenously, and to the oral coumarin 
anticoagulants. Heparin is an endogenous 

20 glycosaminoglycan which serves as a catalyst for the 
reaction between antithrombin and various activated 
factors in the coagulation cascade (Factors IXa, Xa, XIa, 
Xlla, kallikrein and thrombin) . This reaction results in 
inhibition of these factors, and thus inhibition of 

25 coagulation. Heparin is not well absorbed orally and has 
a relatively short half-life in the bloodstream. Side 
effects of long term heparin therapy can include 
thrombocytopenia with associated paradoxical arterial 
thrombosis, and, rarely, osteoporosis, overdosage with 

30 heparin can be antagonized by injection of protamine 
sulfate. 

Oral anti-coagulants, including warfarin and other 
coumarin derivatives, produce their effects on blood 
coagulation by indirect means. These compounds inhibit 
35 regeneration of vitamin K in the liver. Vitamin K is a 
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precursor to several of the coagulation pathway factors, 
including Factors II (prothrombin), VII, IX, and X; 
therefore, depletion of vitamin K results in inhibition 
of coagulation. As might be expected from their 
mechanism, the coumarin drugs have a relatively long 
onset of therapeutic activity, since their effectiveness 
is dependent upon depletion of endogenous depots of 
active vitamin K. Coumarin therapy reguires careful 
management, due to a number of drug and nutritional 
interactions which serve increase or decrease effective 
dosage levels. Treatment with coumarin derivatives is 
also associated with several serious side effects 
including bleeding episodes and teratogenicity. 

A number of analytical tests have been devised to 
15 measure the patency of the above-described coagulation 

cascade. These tests, which are described in more detail 
below, are generally carried out on blood plasma. For 
example, the prothrombin time assay (PT) is measures the 
extrinsic system of coagulation and is therefore used to 
detect deficiencies in factors II, V, VII, and X. PT is 
also used to monitor therapy in patients receiving 
coumarin anti-coagulants, since factors II and VII are 
among those which are dependent upon vitamin K. 

The activated partial thromboplastin time assay 
(APTT) measures coagulation factors present in the 
intrinsic system of coagulation, with the exception of 
platelets and factor XIII. It is generally used to 
monitor heparin therapy. Plasma clotting time is another 
measurement of the intrinsic coagulation pathway, and is 
also useful in monitoring heparin therapy. 

As described above, current anti-coagulant regimens 
include treatment with various forms of heparin, or 
coumarin drugs. Of the two, the heparin drugs are by far 
the better tolerated and are easier to titrate. However, 
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the usefulness of these compounds is limited by their 
currently obligatory intravenous route of administration. 
Although formulations of these compounds have been 
administered enterally, anticoagulant activity has been 
5 observed only after intraduodenal administration 
(Andriuoli, Caramazza) . 

Coumarin drugs such as warfarin can be given orally; 
however, the usefulness of these drugs is limited by 
their relatively long onset time, difficulty in 

10 titration, interactions with other drugs, and side- 
effects, as described above. It is therefore a general 
object of the present invention to provide compounds and 
methods for oral anti-coagulant therapy with a shorter 
onset and duration of action, for improved oral control 

15 of blood coagulation. 



4. summary of the Invention 

It is a general object of the invention to provide a 
compound and method effective to treat blood coagulation 

20 pathologies in a human subject. 

The present invention provides a method for 
inhibiting blood coagulation. The method involves 
administering to a subject a macrocyclic compound 
composed of aryl ring subunits connected one to another 

25 by ring-attached bridge linkages which form a continuous 
chain of connected backbone atoms. The subunits have 
sulfonic acid-derived substituents on non-backbone atoms 
of the aryl subunit rings. 

The ring subunits preferably include naphthalene 

30 subunits with sulf onic-acid derived substituents at the 3 
and 6 ring positions, phenyl subunits with sulfonic acid- 
derived substituents at the 4 ring position, where the 
bridge linkages in the macrocycle are between the 2 ring- 
carbon position of one naphthalene or phenyl group, and 

35 the 7 ring-carbon group of an adjacent naphthalene group 
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or 6 ring-carbon position of an adjacent phenyl group. 
The compound preferably includes 4-8 such subunits. The 
sulfonic acid-derived substituent is preferably sulfonic 
acid, a sulfonate salt, sulfinic acid, a sulfinate salt, 
a sulfone, or a sulfonamide. 

in one general embodiment, the macrocyclic compound 
includes at least 4 naphthalene subunits, each having 
sulfonic acid-derived substituents at 3 and 6 ring-carbon 
positions, polar groups at 1 and 8 ring positions, and 
bridge linkages between the 2 ring-carbon position of one 
subunit and the 7 ring-carbon position of an adjacent 
subunit. One preferred compound of this type has the 
general structure: 



15 



20 




25 

where R, is sulfonic acid, sulfonate salt, sulfinic acid, 
a sulfinate salt, an alkyl sulfone, or a polar 
sulfonamide, such as SO^, where NHR is NH,, NHOH, or an 
amino acid, R, is OH, =0, an alkyl or aryl ether, ester, 

30 or acid, or a mixture thereof, and n = 4, 6, or 8, and R 4 
is >CHR" or >CR", where R» is H or carboxylic acid group. 

In another general embodiment, the macrocyclic 
compound includes at least 4 phenyl subunits with para- 
position sulfonic acid derived substituents, bridge 

35 linkages between the 2 ring-carbon position of one 



9 

subunit and the 6 ring-carbon position of an adjacent 
subunit. One preferred compound of this type has the 
general structure: 



5 




where n, R, , and R 4 are as above. 

For use as an anticoagulant, the compound may be 
administered orally or parenterally. Such treatment 

15 method may further include administering to the subject a. 
dose of protamine sufficient to reverse anti-coagulant 
effects of the compound. 

In another aspect, the invention includes a method 
of inhibiting blood coagulation by administering to the 

20 subject a therapeutically effective dose of a macrocyclic 
biocompatible polymer composed having at least six 
regularly spaced sulf onic-acid derived substituents 
selected from the group consisting of an alkyl sulf one, 
and a polar sulfonamide of the form S0 2 NHR, where NHR is 

25 NHj, NHOH, or an amino acid. 

In a preferred embodiment, the polymer is a 
macrocyclic compound composed or aryl ring subunits which 
are connected by ring-attached bridge linkages which form 
a continuous chain of connected atoms making up the 

30 backbone of the macrocycle, and which contain the 

sulfonic-acid derived substituents on non-backbone atoms 
of the aryl subunits. 

Also forming part of the invention are novel 
macrocyclic compounds composed of phenyl subunits having 

35 the form: 
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where R, is* sulfonic acid, sulfonate salt r sulfinic acid, 
sulfinate salt, a sulfone, or a sulfonamide, R, is =0, 

10 and -OH, an alkyl or aryl ether, ester, or acid, or a 
mixture thereof, R 4 is >CHR» and >CR», where R» is H or 
carboxylic acid group and n = 4, 6, or 8. 

These and other objects and features of the inven- 
tion will become more fully apparent when the following 

15 detailed description of the invention is read in conjunc- 
tion with the accompanying drawings. 



Brief Description of the Drawings 
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Figure 1 shows the general structure of a 
macrocyclic compound composed of naphthalene subunits, 
for use in the present invention; 

Figures 2A and 2B show non-oxidized (2A) and 
25 partially oxidized (2B) forms of the Figure-1 structure, 
where n=4 and the subunit is chromotropic acid; 

Figures 3A and 3B illustrate two general methods of 
synthesis of a macrocyclic compound like the one shown in 
Figure 2A; 

30 Figures 4A and 4B show an unoxidized (4A) and 

partially oxidized (4B) macrocycle with mixed phenyl and 
sulfonated naphthalene subunits; 

Figure 5 illustrates reaction methods for converting 
the sulfonic acid substituents of macrocyclic 



11 

chronotropic acid to glycyl sulfonamide and sulfonamide 
groups ; 

Figure 6 illustrates a reaction method for . 
converting the sulfonic acid residues of macrocyclic 
chronotropic acid to sulfinic acid or its methyl (aryl) 
ester; 

Figure 7 shows the general structure of a 
macrocyclic compound composed of phenyl groups with para- 
position sulfonic acid-derived substitutents , for use in 
the present invention; 

Figure 8 shows a non-oxidized form of the Figure-7 
structure, where n=4 and the subunit is parasulfonic 
acid; 

Figures 9A and 9B illustrate general methods of 
synthesis of non-oxidized and partially oxidized forms of 
the Figure 8 compound; 

Figure 10 shows a reaction scheme for replacing the 
ring hydroxyl groups in the Figure-8 compound with acetyl 
groups ; 

Figure 11 shows a reaction for converting sulfonic 
acid substituents to a glycyl sulfonamide group in a 
phenyl-subunit macrocyclic compound; 

Figure 12 shows a reaction scheme for producing a 
macrocylic compound like that shown in Figure 8 but with 
carboxylic acid-containing bridge linkages; 

Figure 13 shows a reaction scheme for replacing 
hydroxyl groups in the Figure-8 compound with carboxylic 
acid groups. 

Figure 14 shows a schematic of the cascade of 
biochemical events which occur in the coagulation process 
in mammalian blood; 

Figure 15 shows a plot of prothrombin time in 
seconds (PT) as a function of concentration of KY-1, Y-l, 
and Y-49; 
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Figure 16 shows a plot of activated partial 
thromboplastin time in seconds (APPT) as a function of 
concentration of KY-1, Y-l, and Y-49; 

Figure 17 shows a plot of APTT determined at various 
5 times after intravenous injection of 2.5 mg/kg (X) or 5.0 
mg/kg (A) Y-l in mice, where APTT is expressed as percent 
untreated control sample value run in parallel; 

Figure 18 shows a plot of percent control APTT as a 
function of i.v. injected dose of Y-l in rats, where APTT 
10 is expressed as percent untreated control value run in 
parallel; 

Figure 19 shows a plot of thrombin time (TT) as a 
function of concentration of KY-1, Y-l, and Y-49; 

Figure 20 shows a plot of atroxin time (AT) as a 
15 function of concentration of KY-1, Y-l, and Y-49; 

Figures 21 (A-G) show traces of change in optical 
density as a function of time in a platelet aggregation 
assay in which platelet aggregation was measured in the 
presence of collagen (A) , collagen plus 24 (B) or 48 
20 fig/ml (C) Y-49, collagen plus 24 (D) or 48 (E) pg/ml Y-l, 
collagen plus 24 (F) or 48 (G) ng/ml KY-1; 

Figures 22 (A-B) show plots of effects of varying 
concentrations of Y-l (A) , KY-1 and heparin (B) on 

plasmin activity; 
25 Figure 22C is a bar graph summarizing the data of 

Figures 22A and 22B (C8 = Y-l) ; 

Figure 23 A shows a composite plot of varying 
concentrations of KY-1 on clotting times measured as PT, 

TT, APTT, and AT; 
30 Figure 23B shows a composite plot of varying 

concentrations of Y-l on clotting times measured as PT, 

TT, APTT, and AT; and 

Figures 24A and 24B show plots of TT and APTT as a 
function of concentration of KY-1 (24A) or heparin (24B) 
35 concentration in plasma. 
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Detailed Description of the Invention 
I. Definitions 

The terms defined in this section have the following 
meanings unless otherwise indicated. 

"Anticoagulant activity" refers to the inhibition of 
the normal blood coagulation or clotting process, 
exhibited as prolongation of the time required to form a 
fibrin aggregate or clot, as measured by one or more 
standard in vitro clotting assay. 

An "aryl ring" subunit is single ring or fused ring 
structure containing at least one aromatic ring, i.e., a 
5- or 6-membered ring with the 6 pi electrons necessary 
for aromaticity. Examples include benzene, naphthalene, 
mixed aromatic and non-aromatic fused ring structures, 
such as tetralin, and heterocyclic structures, including 
f used-ring structures, such as quinoline, isoquinoline, 
and indole. 

A "macrocyclic compound composed of aryl ring 
subunits" is a cyclic compound formed by linking ring 
atoms in aryl ring subunits to form a cyclic chain. 

A "ring-attached bridge linkage" is a linkage 
between a ring atom of one aryl subunit to a ring atom of 
an adjacent aryl subunit in a macrocyclic compound; 

The ring-attached bridge linkages and the (shorter 
path of) ring atom joining bridge linkages in the 
subunits collectively form a "continuous chain of 
connected backbone atoms". In the compound illustrated 
in Figure 1, the chain is formed by the bridge linkages 
(R 4 ) to positions 2 and 7 of the naphthalene rings and 
the 5 ring atoms in naphthalene between positions 2 and 
7. In the compound illustrated in Figure 7, the chain is 
formed by the bridge linkages (R 4 ) to positions 2 and 6 
of the benzene rings and the 3 ring atoms in benzene 
between positions 2 and 6. 
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Similarly, the "non-chain ring atoms" in the 
macrocycle are the ring atoms which are outside the 
bridge linkages. In the compound illustrated in -Figure 
1, the non-chain atoms include the 5 naphthalene ring 
atoms from ring positions 3-6; in the Figure-7 compound, 
the 3 ring atoms from positions 3-5. 

A "sulfonic acid-derived substituent" includes 
sulfonic acid, a sulfonic acid salt, sulfinic acid, 
sulfinate salts, alkyl and aryl sulfones, sulfonamides of 
the form SC^IHR, where R is H or a substituent having an 
OH, ether, ester, ketone, or acid moiety. 



II. p ^-ring Arvl -Suhunit Ma cror yr.li c Compounds 

This section describes the synthesis of two general 

15 types of aryl macrocyclic compounds which are useful in 
the anti-viral treatment method of the invention. The 
first type is composed of naphthalene subunits with 
sulfonic acid-derived substituents , described in 
subsection A. The second general type is composed of 

20 phenyl subunits having para-position sulfonic acid- 
derived substituents, described in subsection B. From 
the synthetic routes given in the two sections, it will 
be apparent how macrocycles composed of mixed subunits, 
e.g., both naphthalene and phenyl subunits can be 

25 prepared. The synthetic methods are also generally 
applicable to macrocycles composed of heterocyclic 
subunits with sulfonic acid-derived substituents. 

A . Macrocyclic ^ pounds w ^ substitute Naphthalene 

30 Subunits 

Figure 1 shows the general structural formula of a 
macrocyclic compound composed of substituted naphthalene 
subunits, for use in the present invention. One 
exemplary compound of this type is shown in non-oxidized 

35 (I) and partially oxidized (II) form in Figures 2A and 



15 

2B, respectively. The compound is a tetramer of 
chromotropic acid (1, 8-dihydroxy , 3, 6-disulfonic acid 
naphthalene) subunits linked by methyl or methylene (X^ 
or >CH) bridges (R 4 ) . As seen, the methylene bridges and 
the "interior" ring atoms (ring positions 1, 2, 7, and 8) 
form a continuous chain having attached R, = OH or =0 
groups attached at the 1 and 8 positions. The non-chain 
atoms (ring positions 3-6 on each substituent) have R2 = 
sulfonic acid substituents on the 3 and 6 ring atoms. 
The nature of the partially oxidized structure was 
deduced from H 1 and C 13 NMR studies, and from mass 
spectroscopy evidence. 

For purposes of the following discussion, and for 
illustrating synthetic routes, usually only the non- 
oxidized subunit form of the compound is given. It will 
be understood that the compound may be partially 
oxidized, after exposure to air under heat and acidic 
conditions, i.e., contain one or more R, ketone (=0) 
groups, and a double bond between the ring and the 
associated bridge methylene group, as indicated in Figure 
2B. It will also be understood that the same reaction 
mechanisms will apply generally to the partially oxidized 
form of the compound, i.e., the structure shown in Figure 
2B, or similar structures containing additional R, =0 
groups, except that R, modification reactions will 
typically selectively modify an R, -OH group, and leave 
the corresponding R, =0 group intact. 

As will be seen below, the compound preferably 
includes the chromotropic acid derivatives in which R, is 
a polar substituent, such as OH, =0, C0 2 H or an ether, 
thioether, ester, or thioester linked alkyl or aryl 
group, and combinations of these group, e.g., where only 
the OH groups in the partially oxidized structure are 
substituted by one of the above groups. 
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r,, as noted, is a sulfonic acid-derived substituent 
which may be sulfonic acid, as shown in Figure 2, a 
sulfonate salt, sulf inic acid (-SO^) , and sulf inate 
salts, sulf ones, and sulfonamides. Rj is H or Br or other 
halogen. Also as will be seen below, the R 4 bridge 
linking the chronotropic acid derivative subunits is 
preferably of the form >CHR or £CR (indicating 
unsaturated bridges in the partially oxidized form) , 
where R is H or a small carbon-containing group, such as 
lower alkyl, alkenyl, ketone, or carboxylic acid group, 
or aryl group. The bridge may also be of the form - 
CiyJR'CH,-, where R' is similarly H or a small carbon 
containing group, such as a lower alkyl group. 

Alternatively, the bridges in the macrocycle may be 
15 ring structures, including aryl ring structures, such as 
in the dimeric macrocycle shown in Figure 4 , or analogous 
structures formed by bridging through heterocyclic rings, 
such as pyrole or furan rings. 

The number of subunits may vary from 4 to 8, with 
macrocycles containing 4, 6, and 8 subunits being 
preferred. In the reaction schemes described below, the 
macrocycle formed may include mixtures of compounds with 
different subunit numbers (n) values, e.g., a dominant 
n=4 structure (4 subunits) with additional structures 
25 containing 6 and 8 subunits. 

Representative macrocyclic compounds which have been 
synthesized and tested for anti-viral activity are iden- 
tified by their R„ R,, R,, and R 4 substituents in Table 1 
below. The KY and Y number in the lefthand column in the 
30 table refers to the analog designation of the 

corresponding compound. For example, the compound in 
which R, is OH, R, is SO^H,, R3 is H, and R 4 is -CH,- is 
designated KY-3. 

Although not shown in the table, the compounds may exist 
35 in a partially oxidized state in which one of more R, 
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groups are =0, and adjacent bridges contain a double-bond 
carbon linkage to the ring. 



Table 1 



KY 



R3 



*4 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



KY-1 
KY-3 
KY-42 
KY-48 
KY-85 
KY-97 
KY-110 
KY-121 
KY-123 
KY-143 
KY-147 
KY-148 
KY-151 
KY-158 
KY-171 
KY-175 
KY-176 
KY-193 
KY-194 
KY-270 
KY-272 
KY-276 
KY-277 
KY-280 
KY-281 
KY-284 
KY-285 
KY-288 
KY-289 
KY-290 
KY-291 
KY-293 
KY-294 
KY-307 
KY-346 
KY-352 
KY-357 
KY-359 
KY-395 
KY-397 
KY-398 
KY-399 
Y-20 
Y-34 
Y-66 
KYY-19 



OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OCH3 

OH 

OH 

OH 

OH 

OH 

OH 

OCOCH 3 

OCOCH3 

OCOEt 

COEtCl 

OCH3 

ococyi, 
OCH3 

OCOC^ 

ocopr 

OCOC^ 

OCOBU 

OCOC 5 H u 

OCOCH=CHCH 3 

000(0^)^0^ 

0(0^) 5 COJA 

OH 

OH 

OH 

OH 

OCH3 

OCH3 

OCH3 

OCH3 

OH 

OH 

OH 

OH 



S0 3 Na 

SO^I^ 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 2 C 6 H3(OH) 2 

SO^a 

S0 3 Na 

SOjNHCHj 

SOjNHEt 

S0 3 Na 

S0 2 CH3 

SH 

SO3CH3 

SOjNHC^ 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 Na 

S0 3 NH 4 

S0 3 Na 

S0 3 NH 4 

S0 3 NH 4 

S0 3 NH 4 

S0 3 NH 4 

so 3 Na 

S0 3 NHC 6 H n 0 5 

SO^HC^COjNa 

SO^NHOH 

S0 3 Na 

SOJIHj 

S0^NHCR,C0.H 
SOjNHCH^COii 
S0 3 Na 
S0 3 Na 
S0 3 Na 



SO^HCHtCHjJjtCO-jH), 



H >CH2 

H >CH5 

H >CHCOjH 

H >CHCHOHCH20H 

OH >CHC 6 H 6 

H >CH2CH«CHj 

H >CHC(0)CH 3 

H >CH2 

H >CB 2 

OH >CH2 

H ^Hj 

H >CH2 

H >CH 2 

H >CH3 

H >CH2 

H >CHj 

H >CH 2 

Br >CHBrCH2Br 

Br >CH2 

H >CH2 

H >CHC02H 

H >CH 2 

H >CH 2 

H X2Hj 

H >CH 2 

H >CHC04i 

H >CH 2 

H >CH 2 

H >CH2 

H >H, 

H >CHj 

H >CH 2 

H >CH2 

H >CH 2 
H -CH^CH^CH^ 

H >CH 2 

H >CH2 

H >CH 2 
H -CiyjfCH^CHj- 

H * >CH2 

H >CR> 

H -CH^CH^C^- 

H -CH,C 4 Ii,OCR,- 

H -CHX 6 H 4 CIL 

H >CHC04I 

H >CH2 
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Figures 3A and 3B illustrate two preferred synthetic 
methods for preparing macrocyclic chromotropic acid com- 
pounds. The method illustrated in Figure 3 A involves 
cyclization of a chromotropic acid derivative (including 
chromotropic acid itself) with an aldehyde (RCHO) to form 
a macrocyclic compound, such as the tetramer shown Figure 
2, in which the chromotropic acid subunits are linked by 
R-substituted methylene groups, i.e., in which R 4 is >CHR 
(including £CR) . This synthetic scheme provides a 
convenient method for constructing macrocyclic compounds 
having a variety of different bridge-methylene R groups, 
by carrying out the cyclization reaction in the presence 
of an aldehyde of the form RCHO. 

For example, to construct a macrocyclic compound with a 
15 >CH 2 bridge, such as the KY-1 compound (IV) , chromotropic 
acid (III) is reacted with formaldehyde. Typical 
reaction conditions are given in Example 1A for the 
synthesis of KY-1. Similarly, KY-42 is prepared by 
cyclization with glyoxylic acid (Example 1C) ; KY-48, in 
the presence of glyceraldehyde; KY-85, in the presence of 
benzaldehyde; KY-97, in the presence of acrolein; and KY- 
110, in the presence of pyruvic aldehyde. It will be 
appreciated that a variety of other RCHO aldehydes having 
small alkyl, alkenyl, acid and other hydrocarbon R groups 
would be suitable. Further, the R bridge group may be 
further modified after the cyclization reaction. For 
example, KY-193 may be prepared by bromination of the KY- 
97 compound. 

in the method illustrated in Figure 3B, cyclization of 
the chromotropic acid derivatives (III) is carried out by 
reaction with hexamethylenetetramine, to form a 3-atom 
chain bridge of the type -CH 2 N(CH 3 )CH 2 - (V). The 
cyclization reaction for the synthesis of KY-346 is given 
in Example U. The -CH 2 N(CH 3 ) CH,- bridge may be modified, 
after the cyclization reaction, to form a variety of N- 
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substituted bridges of the -CH^fR' ) CHj-, where R' is one 
of a variety of small carbon-containing groups, according 
to known synthetic methods. Some of the bridges -in the 
partially oxidized structure will have the form 
5 =CHN(R')CH 2 -. 

As noted above, the Figure-4A compound (VI) is 
representative of macrocyclic naphthalene having a cyclic 
bridge, in "this case a phenyl bridge. The compound is 
formed by reacting chronotropic acid, in the presence of 

10 hydrochloric acid with 1,2-benzenedimethanol in acetic 
acid, as detailed in Example 3. Similar methods can be 
employed to link chromotropic acid subunits by other 
cyclic bridges, such as furan, pyrrole, thiophene, and 
the like. Figures 4A and 4B show the non-oxidized (VI) 

15 and partially oxidized (VIII) forms of the compound. 

For synthesis of macrocyclic compounds with selected 
R,, Rj, and R3 substituents, two general approaches are 
available. In one approach, the chromotropic acid deri- 
vative is modified after cyclization so that the cyclized 

20 product will either contain the selected R,, R2, and R3 
substituent, or contain a substituent which can be 
readily modified to the selected substituent. This 
approach is illustrated by the synthesis of KY-3, which 
has an SC^NHj Rj substituent, as detailed in Example IB. 

25 Here cyclized chromotropic acid (VIII) is reacted first 
with chlorosulfonic acid, to form the corresponding Rj = 
S0 2 C1 derivative (IX, Figure 5) . The macrocyclic 
compound is then reacted with ammonia water to form the 
desired Rj = SOjNHj derivative (X, Figure 5) , as described 

30 in Example IB. 

A similar strategy was employed for the synthesis of 
KY-3 57 (Rj = SC^NHCHjCOjH) by final subunit reaction with 
glycine (XI, Figure 5), at basic pH. 

Figure 6 illustrates the conversion of sulfonyl groups 

35 of cyclized chromotropic acid to sulfinyl (XII) and alkyl 
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sulfone or methyl sulf inyl ester (XIV) . The first stage 
of the reaction involves the formation of the 
corresponding sulfonyl chloride derivative (IX) , -as 
outlined above. This compound is then treated with 
5 sodium sulfite, to form the corresponding sulfinyl salt 
(XII) . Reaction with dimethyl sulfate in the presence of 
sodium bicarbonate produces the corresponding methyl 
sulfone (XIV, KY-158, n=4) . 

Similarly, macrocyclic compounds with a variety of ^ 
10 substituents may be prepared by modification of 

chromotropic acid after cyclization. In synthesizing KY- 
151, for example, (R, = OCH 3 ) cyclized chromotropic acid 
is reacted with dimethylsulfate under basic conditions, 
as detailed in Example IF, to form the methylether of 
15 cyclized chromotropic acid. Similarly, in preparing KY- 
307 (Rt = CHCHjJjCOjH) , cyclized chromotropic acid is first 
converted to the diether of hexanoic acid by initial 
reaction of cyclized chromotropic acid with 6-bromohexan- 
oic acid under basic reaction conditions. 
20 As further examples, in preparing compounds such as KY- 
272 and KY-294, in which R, has the form OCOR, the 
macrocyclic compound formed by cyclization of 
chromotropic acid is reacted with an acid chloride of the 
form RCOC1, under basic conditions, as detailed in 
25 Example II for the synthesis of KY-270. 

in a second general approach, the selected substituent 
is formed on the subunit naphthalene rings by derivatiza- 
tion of the naphthalene subunit, with subsequent subunit 
cyclization to form the desired macrocycle. For the 
synthesis of KY-175 (Rj = S0 3 CH 3 ) , chromotropic acid is 
reacted with thiony lchlor ide , as above, to produce the 
corresponding R, = S0 2 C1 substituents. Further reaction 
with NaOCH3 and cyclization leads to the desired Rj 
substituent. Reaction details are given in Example 1H. 
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Among other examples of this approach are KY-123 (Example 
1G) and KY-147 (Example IE) . 

It will be appreciated that the synthetic method for 
forming selected-substituent macrocyclic compounds may 
5 include both prior derivatization of chromotropic acid 
and subsequent derivatization of the subunits after 
cyclization. For example, in forming KY-397 (R, = OCH 3 , 
Rj = SC^NHj)', chromotropic acid subunits are first reacted 
at the R, positions, to form the methyl ether derivative 

10 as described above. After cyclization with formaldehyde, 
the compound is further derivatized at the R2 position, 
also as described above, to convert the S0 3 Na group to 
the desired S02NH2 substituent. 

The KY compounds described above can be converted 

15 readily to a variety of sulfonic acid or sulfonate salts, 
by reaction in acid or in the presence of a suitable 
salt, according to well known methods. Thus, for ex- 
ample, several of the KY compounds shown in Table 1 are 
ammonium salts formed by cation exchange of protons in 

20 the presence of an ammonium salt, such as ammonium 

chloride. In addition, exposure of the macrocyclic com- 
pound to a variety of metal cations, such as the cations 
of Ca, Ba, Pt, Cu, Bi, Ge, Zn, La, Nd, Ni, Hf, or Pb, may 
produce both a metal salt and a metal chelate of the 

25 macrocyclic compound in which the metal is chelated at 
interior polar pocket in the compound. 

The physical properties of several macrocyclic com- 
pounds prepared in accordance with the invention have 
been studied by absorption and mass spectrometry and by 

30 nuclear resonance spectroscopy (NMR) , as detailed in 
Examples 1A, IB, 1C, and 1J. These compounds include 
tetrameric macrocyclic compounds, such as indicated in 
Figure 2, or mixtures with predominantly tetrameric 
forms. 
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B . Manrocvclin Compound* with Substituted Phenol 
Subunits 

Figure 7 shows the general structural formula of a 
macrocyclic compound composed of substituted phenol 
subunits, for use in the present invention. One 
exemplary compound of this type is shown in Figure 8, 
which is a tetramer of phenol para-sulfonic acid subunits 
linked by methylene bridges (XV) . As seen, the methylene 
bridges and the "interior" ring atoms (ring positions 2, 
1, and 6) form a continuous chain having R, = OH groups 
attached at the 1 ring positions. The non-chain atoms 
(ring positions 3-5 on each substituent) have Rj = 
sulfonic acid substituents on the 4 ring atoms. 

Figure 9A illustrates a general method for forming 
15 macrocyclic compounds of this type. The macrocyclic 

precursor shown at the left (XVI) is a class of compounds 
known generally as tert-butyl calix(n)arenes, where n is 
the number of phenolic subunits (with para-position t- 
butyl substituents) in the macrocycle, and the bridge 
20 connections are methylene groups, t-butyl calixarenes 
with 4, 6, and 8, subunits are commercially available. 

In the sulfonation reaction shown in Figure 9A, a t- 
butyl calixarene with a selected subunit number is 
treated with concentrated sulfuric acid, typically for 
about 4 to 5 hours at 75-85 -C to effect substantially 
complete displacement of the 4-position t-butyl group by 
a sulfonic acid group. Details of the sulfonation 
reaction are given in Example 2A. The method has been 
used to produce the n=4 macrocycle compound shown in 
Figure 8, and related macrocycles with 6 and 8 phenol 
subunits . 

A similar method is used for preparing a sulfonated 
calixarene with partially oxidized 1-position OH groups, 
as shown at SB. Here the t-butyl calixarene starting 
35 material is treated with cone, sulfuric acid at a 
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temperature above 100°C, preferably between 150-170°C. 
The reaction is effective to sulfonate the subunit rings 
and to partially oxidize the interior OH groups. - As 
indicated in Figure 9B, partial oxidation can lead to a 
5 conjugated macrocyclic structure (XVIII) in which bridge 
contributes delocalized electrons. This conjugated 
structure is colored , and the development of a colored 
product can be used to monitor the course of the 
oxidation reaction. Details of the reaction are given in 

10 Example 2B. 

It will be appreciated that the desired macrocycle can 
also be formed directly by reacting para-sulf onic acid 
phenol (or precursors thereof) under suitable bridging 
conditions, such as described above for producing 

15 naphthalene-subunit macrocycles. This is illustrated by 
the reaction shown in Figure 12, for production of a 
macrocyle having carboxylic acid-containing bridge 
groups. In this method, phenol para-sulf onic acid is 
reacted with glyoxylic acid, under conditions similar to 

20 those described in Example 2C, to form the cyclized 
structure shown (XXII) . 

The macrocyclic compounds formed as above can be 
modified, according to general procedures outlined in 
Section IIA above, to achieve selected Rj groups, 

25 modified sulfonyl groups, and/or addition of Rj groups. 

The range of R, and substitutents is substantially the 
same as that discussed above. Figures 10, 11, and 13 
illustrate various reaction methods for modifying the Rj 
group of an already formed macrocycle. In Figure 10, the 

30 sulfonated structure shown in Figure 8 is treated with 
acetic anhydride, to form an O-acetyl R t group. Details 
of the reaction are given in Example 2C. Since this 
structure would be expected to undergo hydrolysis in the 
presence of serum esterases, differences in the activity 

35 of the ester compound and the free OH compound would be 
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expected to occur after intravenous (IV) administration. 
Example 2G describes a similar reaction scheme for 
forming a toluene sulfonic acid ester at the R, position. 
Figure 11 illustrates a general method for forming 
5 sulfonamides, such as glycylsulfonamide (XXI) of the 

Figure 8 compound. Analogous to the reactions described 
with respect to Figure 5, the sulfonated phenyl 
macrocyclic compound (XVII) is treated with 
chlorosulfonic acid, to form the corresponding sulfonyl 

10 chloride analog (XX) . Further reaction with a selected 
amine, in this case glycine, gives the desired 
sulfonamide. Reaction details are given in Example 2D 
for the synthesis of the Rj = SO^ compound and in 
Example 2E, for the synthesis of the glycyl sulfonamide 

15 compound. 

Figure 13 depicts a general synthetic method for a net 
substitution of Rj = OH by ^ = carbon moieties. In 
Example 2H, the reactions detail a process from which a 
substrate (R t = OH, = tert-butyl, R 4 = CHj, n - 4) 
20 affords an intermediate (R, = CN, R, = tert-butyl, R 4 = 
CHj, n = 4) . Further modification then provides the 
product (R, - CO^, R3 = SO3H, R 4 = CRj, n = 4) . 

1% will be appreciated that substituent modifications 
at the R, site can be selectively carried out at OH sites 
25 in the partially oxidized macrocycle, such as the 

structure shown at Figure 9B. That is, reactions which 
are specific for ring OH groups will leave the =0 group 
intact, thus providing a mixed R, group containing =0 
groups. 

30 The R 4 bridge linking the chromotropic acid derivative 
subunits is preferably of the form >CHR or > CR, where R 
is H or a small carbon-containing group, such as lower 
alkyl, alkenyl, ketone, or carboxylic acid group, or aryl 
group, as noted above, or of the form -oyiR'CH,-, where 

35 R' is similarly H or a small carbon containing group, 



25 

such as a lower alkyl group. Alternatively, the bridges 
in the macrocycle may be ring structures, including aryl 
ring structures, analogous to the dimeric macrocycle 
shown in Figure 4. 
5 Also as above, the number of subunits may vary from 4 
(e.g., Figure-4 structure) to 8, with macrocycles 
containing 4, 6 and 8 subunits being preferred. In the 
reaction schemes described below, the macrocycle formed 
may include mixtures of compounds with different subunit 

10 numbers (n) 

values, e.g., a dominant n=4 structure (4 subunits) plus 
additional structures containing 5-8 subunits. 

Representative macrocyclic compounds which have been 
synthesized and tested for anti-viral activity are iden- 

15 tified by their R,, R^ and R 4 substituents in Table 2 

below. The KY and Y number in the lefthand column in the 
table refers to the analog designation of the 
corresponding compound, as in Table 1. Compounds which 
are partially oxidized at the R, position, and have which 

20 may have both saturated and unsaturated bridge methylene 
carbon groups are indicated as in Table 1. 
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Table 2 



10 



Compound 


1 


*3 


»4 


rt 


Y-l 


OH 


so 3 


-CHj- 


Q 
O 


KY-226 


O/OH 


so 3 




O 
O 


Y-49 


OH 


so 3 




4 


KY-225 


O/OH 


so 3 




A 


Y-77 


OH 


so 3 




6 


Y-48 


O/OH 


so 3 


-CH^CH- 


6 


KY-268 


O/OH 


so 3 


-CH2/=CH- 


3 


KY-269 


, 0/C0 2 CH3 


so 3 


-CHj/^CH- 


4 


KY-271 


0/C0 2 CH 3 


S03 




3 


Y-78 


O/OH 


SOjNHj 




8 


Y-100 


O/OH 


SOjOCHj 


-CI^- 


8 



15 The compounds shown in Table 2, and R-group 

combinations thereof, described above can be converted 
readily to a variety of sulfonic acid or sulfonate salts, 
by reaction in acid or in the presence of a suitable 
salt, according to well known methods, as described 

20 above. 

III. Anticoagulant properties of macrocyclic compounds 
This section describes the ability of compounds useful 
in the invention to inhibit coagulation of blood, as 

25 shown in one or more standard blood coagulation assays. 

Assays which are used in assessing anticoagulant activity 
and, to some degree, mechanism of anticoagulant activity, 
include, but are not limited to the activated partial 
thromboplastin time (APTT) assay, the prothrombin time 

30 (PT) assay, the thrombin time (TT) assay, the fibrinogen 
assay, the reptilase (atroxin time, AT) assay, and the 
plasma clotting (recalcif ication) time assay. Such 
assays and specific methods for carrying them out are 
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known generally in the art and are described by Brown 
(1988) . 

The blood used to test compounds in such assays may be 
from a variety of vertebrate sources, although mamma lian, 

5 and particularly human sources are preferred. In 
carrying out such assays, venous blood samples are 
obtained using clean venipuncture procedures, in order to 
prevent contamination of the sample by exogenous cells. 
Blood samples employed in the screening compounds useful 

10 in the method of the invention may be collected in any of 
a number of standard collection tubes holding a calcium 
binding or chelating agent. Plastic tubes are preferred; 
however, glass-walled VACUTAINER' B • tubes containing sodium 
citrate as a calcium binding agent are adequate in 

15 practicing most experiments supporting the invention. 
Freshly drawn samples are stored at ice temperature for 
up to 2-4 hours prior to further processing, and are 
checked for the presence of clots or hemolysis; any tubes 
containing clots are discarded. Plasma is obtained from 

20 the samples, using centrifugation procedures described in 
Example 4A. Plasma samples showing evidence of hemolysis 
are discarded, since hemolysis is known to shorten 
clotting time. Ideally, plasma samples are stored on ice 
and tested within 8 hours of collection. Alternatively, 

25 the samples may be frozen at -20° for testing within 1 
week of collection. General methods used in collecting 
and processing blood samples for experiments in support 
of the invention are found in Example 4A. 

Tests for anticoagulant activity may be carried out in 

30 vitro , wherein compound is added to an isolated plasma or 
blood sample, and effects on clotting time are measured. 
Anticoagulant activity may also be measured following 
administration of a compound to a whole animal. Such in 
vivo assessment of compound effects indicates the degree 

35 to which a drug is absorbed, distributed or 
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biotransformed in the whole animal, and gives a measure 
of bioavailability. 

pasting of Macrocytic Compo unds in Anticoagulant 
5 Assays 

1. ? i afi m a ciot *i™r fRecalcifi cation) Time 

Plasma clotting or recalcif ication time measures the 
integrity of intrinsic coagulation system. A deficiency 
or inhibition of any of the factors of the intrinsic 

10 system results in prolongation of plasma clotting time. 
Both heparin and coumarin anticoagulants prolong plasma 
clotting time. In this assay, as described in Example 
4D, plasma is mixed with calcium chloride at 37% mixed 
and observed for clot formation. 

15 Ff fAfrtis of ^mrmounds on clotting time in vitro 

Results of studies in which various macrocyclic 
compounds were tested at three concentrations for effects 
on plasma clotting time in vitro, as described in Example 
5 are shown in Table 3 . Phenylic macrocyclic compounds 

20 KY225 and Y-47 exhibited the highest anti-coagulant 
activity in this assay. Concentrations of 12.5 of 
each of these compounds produced anticoagulant activity 
eguivalent to 7.54 and 5.68 M g of heparin, respectively. 
Phenylic derivatives Y-48, Y-77, Y-78, Y-100 and Y-l and 

25 napthylic derivatives Y-20, KY-42, KY-1, KY-357 and KYY- 
19 were approximately equipotent in the assay, exhibiting 
activities about 1/10-1/20 that of heparin on a mass 
basis. 
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Table 3 



1 COMPOUND 


CONCENTRATION (fig /ml) 


Phenvl derivatives 


12.5 


25 


5_fi 


KY-384 ! 


0.4 


1.38 


3.31 


Y-48 


1.2 


2.94 


5.29 


• KY-225 


7.54 


»• 


» 


Y-47 


5 . 68 


15.27 


» 


KY-226 


- 


- 


1.10 


Y-l 


1.10 


1.68 


3.68 


Y-77 


1.10 


1.27 


3.22 


Y-49 


- 


- 


0.46 


Y-78 


1.40 


2.45 


4.03 


1 Y-100 


1.40 


1.93 


2.19 


■M^^^^^^tiyrtit ives 


12.5 " 






KY-3 


_b 


1.5" 


3.68 


KY-42 


1.1 


2.94 


4.16 


Y-20 


1.1 


2.94 


4.88 


KY-3 3 2 






1.66 


KY-274 


0.46 


0.92 


2.67 


KY-1 


1.10 


1.38 


3.96 


Y-36 


0.4 


1.30 


3.50 


KY-3 57 


1.40 


2.28 


3.5 


KYY-19 


1.40 


2.28 


4.03 



Anticoagulation activity is to high to be measured 
in the assay. 

Not detectable in anti-coagulant activity. 
Values are expressed as heparin microgram 
equivalents; i.e., 25 fig KY-3 produces 
anticoagulant activity equivalent to 1.5 fig 
heparin. 
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facts of Y-1 on clotting in vivo 

The effects of Y-1 on clotting time following oral 
administration were studied in mice, as described in 
Example 13. Table 4 shows the results of a study in 
which two doses of 500 or 625 mg/kg each of Y-1 were 
administered to female Swiss-Webster mice at 30 minute 
intervals by gastric gavage. Blood samples were 
collected 2.5 hours following the initial dosing. Blood 
plasma was assayed for plasma clotting time. Compared to 
control (PBS-treated) animals, Y-l-treated animals showed 
increased clotting time, at both doses tested. For 
purposes of comparison, Y-1 (12 or 20 fig/nl) was also 
added directly to plasma samples from control animals, 
and plasma clotting times obtained were within the range 
of the times reported after oral administration of the 
compound. 

Also shown in Table 4 is protamine reversal of the 
effects of Y-1 on plasma clotting time. This will be 
described in further detail in Part 4, below. 

Table 4 



25 



Effect of 6^ Tim ® and 

Reversal by Protamine sulfate 



Clotting Time 



Y-1 Treatment 
(mg/kg) 



Nutritional 
Status 1 



No 



+ Protamine 
Sulfate 



30 



o 2 


N 


2.2 


n.d. 1 


2 x 500 


F 


4.5 


2.4 U 
2.3 1 


2 x 625 


N 


3.1 




2 X 625 


F 


3.4 


2.4 ] 
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N not fasted; F, fasted 24 hours prior to test 
Addition of Y-1 directly to control plasma 
gave clotting times of 3.2 min (12 ftg/nl 
Y-1) and 4.1 min (20 fig/nl Y-1). 
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2. Prothrombin Time (PT) Assay 

Prothrombin time assesses the patency of the extrinsic 
coagulation pathway, and measures the presence of- factors 
II, V, VII, and X. This assay also serves as an indicator 
5 of levels of fibrinogen less than about 80 mg/dL. 

Prothrombin time is therefore useful in assessing therapy 
by coumarin anticoagulants, which inhibit production of 
factors II ,* VII, IX, and X. The presence of relatively 
high concentrations of heparin in blood samples also 

10 prolongs prothrombin time measurements. 

Methods used in determining PT can be found in Example 
4B. Briefly, the assay involves the addition of a tissue 
factor, such as thromboplastin-calcium reagent (Dade® 
Thromboplastin* C, Becton Dickinson) to a plasma sample. 

15 The duration of time from the time of addition until 
visible clot formation is observed is the PT. 

a. Effects of In vitro Admin 1 statio n of Macrocvclic 
Compounds o n Prothrombin Time 

20 Macrocyclic compounds KY-1, Y-l and Y-49 were tested in 

a PT assay using human blood, as described in Example 6. 
Human plasma samples containing varying amounts of test 
compound (0-250 /*g/ml, final concentrations) were tested 
clotting time subsequent to mixing with thromboplastin- 

25 calcium reagent. 

Of the several macrocyclic compounds tested in this 
assay, KY-1 exhibited highest activity (Figure 15) , 
exhibiting prolongation of prothrombin time at 
concentrations as low as 30 jtg/ml. Y-l showed 

30 intermediate activity. Y-49 was inactive at 

concentrations as high as 900 ug/ml (not shown in graph; 
but in raw data) . 
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b. Tn vivo administration of ma crocyclic compounds 
Macrocyclic compounds of the invention were given 
intravenously to rats at doses of 5 and 10 mg/kg-(2 
rats/dose). Subsequently (5 hours following 
administration) venous blood samples were tested for PT, 
APTT, and fibrinogen. Table 5 shows the percent change 
in PT observed, as compared to the PT of blood plasma 
from saline-treated controls. Moderate increases in PT 
were observed for several of the compounds tested, most 
notably KY-225 and KY-226, partially oxidized macrocyclic 
compounds having 4 and 8 phenyl subunits, respectively. 



15 



Table 5 

Effect of i.v. Administration of Macrycyclic Compounds 
on PT, APTT and Fibrinogen 



?j>hehyl 
i j>eri*sfcives-.-: : 


.Dose 

iimg/kg) ^ 




• ••^APTT_ 1 _ 


Fibrinogen 


KY225 


5 

10 


21 
35 


81 
>500 


N 1 

-40 B 


KY226 


5 

10 


25 
30 


93 
>500 


N [ 
-26 | 


I Yl 


5 

10 




(67) 2 
66 


7 
N 


1 Y48 


5 

10 


12 
11 


23 
138 


-14 
-17 


Y49 


5 

10 


N 

7 


6 

27 


N 
N 


Y47 (SA) 


5 

10 


26 

I 16 


(54) 
90 


N 
-17 


KY-384 (SA) 


5 

10 


N 
6 


70 
151 


N 
-12 


Napthyl 
Derivatives 


Dose 
(mg/kg) 


PT 


APTT 


Fibrinogen 


KY-1 


5 

10 


20 
88 


>500 
>500 


-21 

-59 : 



20 



25 
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Y20 


5 


N 


(82) 3 


N 




10 


10 


29 


N 


KY3 


5 


N 


N 


N 




10 


10 


38 


13 


KY42 


5 


11 


6 


N 




10 


19 


61 


N 



5 1 N, no effect 

2 (3 and 131%) 
3 (21 and 142%) 

In a separate series of studies , Y-l was administered 
10 at oral (p.o.) doses of 300 and 450 mg/kg to rats. Blood 
samples were taken and PT determinations made at times 
from 0.5 to 24 hours following administration, as 
described in Example 14 . Results of these experiments 
are shown in Table 6, wherein significant increase (18%) 
15 in PT was observed 4 hour post-administration of 450 
mg/kg Y-l by gastric gavage. Reproducibility of this 
effect was tested by administering additional compound to 
some of the animals at 23 hours and testing PT at 24 
hours. Once again, a significant (19%) prolongation of 
20 PT was observed. APTT prolongation was also observed at 
both doses of Y-l, as described below. 

Table 6 

Time Course of Effect of Oral Y-l on 
25 Plasma PT and APTT 

I. 300 mg/kg p.o. 



Time -after 
Administration (h) 


PT* 


APTT 2 




16.2 ± 0.2 


13.0 ± 0.1 


l 


15.7 ± 0.2 


20.3 ± 0.96 


2 


15.8 ± 0.1 


19.7 ± 0.6 


4 


16.0 ± 0.3 


18.5 ± 1.3 
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I Time after 

1 Administration (h) 


PT» 


APTT 2 1 


1 8 


16.6 ± 0.1 


19.5 ± 0~8 


I 12 


16.7 ± 0.2 


15.4 + 0.5 J 


| 24 


16.6 t 0.2 


14.3 ± 0.2 1 



II. 



450- mg/kg p.o. 



10 



15 



20 



25 



30 



I :<rime after : , 
1 Aalinistration (ft) 






| O 1 


14.8 ± 0.32 


18.9 ± 1.3 




15.4 ± 0.45 


32.4 ± 1.8 


4 


17.5 ± 0.56 


53.2 ± 9.1 


8 


15.1 ± 0.2 


24.7 ± 0.7 


16 


15.5 ± 0.1 


23.2 ± 1.5 


24 


15.0 ± 0.2 


21.5 ± 0.5 R 


24, repeat § 23 3 


17.6 ± 0.14 


48.4 ± 5 | 



UX1UC5 i»wm.iwi 3 

PT and APTT in seconds, mean 
of 4 animals ± SE. 
3 Animals previously treated 

with 450 mg/kg p.o. were given 
an additional oral dose of 225 
mg/kg at 23 h. 

i. Activate* Partial Th romboplastin Tjmg ( APTT^ Assay 

The APTT assay is employed as a measure of the 
integrity of the intrinsic blood coagulation pathway, 
described above. It measures the presence of all 
coagulation factors in the intrinsic system except 
platelets and factor XIII, and is commonly used to 
monitor heparin therapy, since heparin binds to several 
of the factors of the intrinsic pathway (XIa, IXa, Xa, 
thrombin) . 



>VKJ Vi/ IA/VO 

i i 



35 

Detailed methods used in carrying out this assay can be 
found in Example 4C. Briefly, the plasma sample is mixed 
with activated thromboplastin, such as Actin® Activated 
Cephaloplastin Reagent (Becton Dickinson) . The tube 
5 containing the mixture is placed in a 37° water bath for 
3 minutes, prior to addition of calcium chloride. The 
sample is then observed for fibrin web formation. 

^ T Effects of macrocvclic com p ounds on APTT. in vitro 
10 Platelet poor plasma (human) was used to test the 

effects of KY-1, Y-l and Y-49 on APTT, as described in 
Example 7. Figure 16 shows the results of these 
experiments, in which varying concentrations of each 
compound were tested, to yield concentration-effect 
15 plots. Of the three compounds tested, KY-1 produced the 
highest activity in this assay, and Y-l exhibited less 
activity. Y-49 was inactive at the highest concentration 
tested. 

In separate experiments, compound KY-1 was added to a 
20 human blood sample at a concentration of 50 ng/nl, and 
tested in a battery of standard clinical tests, one of 
which was APTT. A significant prolongation of APTT was 
observed, as shown in Table 8, part 9 of this section. 

25 b. Effects of in vivo administatio n of macrocycljc 
compounds on APTT 

Results from experiments in which rats were given 
macrocyclic polysulf onated compounds intravenously are 
shown in Table 5, above. Percent change in APTTs was 

30 determined, in comparison to untreated animals. With few 
exceptions, compounds described in the method of the 
invention exhibited a dose-dependent prolongation of 
APTT. Specifically, partially oxidized phenylic 
derivatives KY-225 and KY-226 exhibited the highest 

35 activities in this assay, while Y-48 and Y-42 followed, 
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in descending order of activity. Compounds Y-49, ¥-20 
and KY-3 showed slight activity. 

The observation that macrocyclic polysulf onated 
compound treatment of whole animals resulted in 
5 prolongation of APTT was further examined, using rats as 
test animals. In this case, illustrated in Figure 17, 
compound Y-l, was given intravenously to animals at a 
doses of 2. -5 and 5 mg/kg, and blood samples were drawn 
from four different animals at various times following 

10 administration. APTT induced an immediate prolongation 
of APTT to approximately 300% of normal or higher, with 
the anti-coagulant effect persisting up to 4-6 hours 
after the 2.5 mg/kg dose and remaining approximately 20% 
abve normal at 12 hours after the 5 mg/kg dose. Data are 

15 expressed as percent of control values for each set of 
animals to normalize values obtained in different 
experiments. 

Figure 18 illustrates the APTT dose-response 
relationship of Y-l by plotting the 30-minute values of 

20 separate experiments in which 2.5, 5 and 25 mg/kg of Y-l 
were administered intravenously to rats. High doses of 
y-l exerted profound effects on APTT, and the linearity 
of the dose-response curve demonstrates a high degree of 
predictability for the anticoagulant effect of Y-l. 

25 " The effects of oral administration of Y-l were also 

tested, in assays described above for PT. As shown above 
in Table 6, a prolongation of APTT was observed at both 
300 and 450 mg/kg Y-l. At the 450 mg/kg dose, this 
effect peaked at about 4 hours post-administration but 

30 was still apparent 16 hours post-administration. These 
studies confirmed that macrocyclic compounds of the 
invention are active when administered orally, and that 
their effects are relatively long-lasting. 
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A. Reversal bv Protamine Sulfate of Ant icoagulant Effects 
nf Macrocvc3,ic Compounds 

Blood or plasma samples treated with macrocyclic 
compounds of the invention were treated with protamines, 

5 to determine their effect on compound- induced 

anticoagulant activity, as assessed by several of the 
test assays used in experiments in support of the present 
invention. * Murine plasma was tested for clotting time 
subsequent td oral administration of compound Y-l, as 

10 described in Example 13, and shown above in Table 4. In 
these studies, protamine sulfate was added to plasma 
samples from Y-l treated animals at a concentration of 
10.4 nq/nl. Addition of protamine sulfate to the samples 
resulted in reversal of the Y-l-induced prolongation of 

15 clotting times. 

The efficacy of protamine sulfate in reversing the 
effects of Y-l was further tested in rats, using the 
protocol described in Example 14, except that animals 
were given 25 mg/kg Y-l intravenously. Twenty-six to 

20 twenty-eight minutes later, protamine sulfate was 

administered, also intravenously, at a dose of 25 mg/kg. 
Blood samples were collected 30 minutes after initial 
drug injection. Results of these studies are shown in 
Table 7. Treatment of rats with Y-l resulted in 

25 elevation of PT and APTT to 161% and 831% of PBS control 
values, respectively. Protamine sulfate treatment 
resulted in a total reversal of the effects of Y-l 
administration on PT and an almost total reversal of the 
effects on APTT. 



30 



WO 92/12708 

t 



pci/ubyz/uusui 



38 
Table 7 



5 



] Effect of Intravenous Y-l and Protau 
I Sulf ate on PT and APTT in vivo 


line | 


1 Treatment 


N 


PT (sec) 


APTT (sec) 


| Saline . — 


4 


14.8 ± 0.3 


18.9 ± 1.3 


1 Y-l (25 mg/kg) 

|y-1 (25 mg/kg) 

1 +orotamine sulfate (25 mg/kg) 


4 


23.9 ± 0.7 


157.1 ± 11.5 


4 


13.9 ± 0.1 


27.6 ± 2.8 



1 Values expressed as mean ± std. error 



a Fibrinoge n Assay 
15 ~ Fibrinogen is the polymeric precursor of fibrin 

monomers, which spontaneously polymerize to initiate clot 
formation. In the coagulation cascade, as illustrated in 
Figure 14, fibrinogen is converted to fibrin by the 
proteolytic action of thrombin. Fibrinogen content of 
20 blood may be affected by a number of insults. Lack of 
fibrinogen reduces clot formation. The presence of 
relatively high concentrations of heparin in samples can 
result in an artificially low value for fibrinogen 
content as determined by the thrombin time assay (see 
25 following section) , due to inhibition by heparin of 
endogenous and added thrombin. 

Fibrinogen content of blood can be measured by adding 
an excess of thrombin to a dilute plasma sample and 
recording clotting time, as described in Example 4E. 
Fibrinogen contents of plasma samples taken from rats 
previously given intravenous doses of various macrocyclic 
compounds are shown in Table 5, above. At higher doses, 
it is apparent that KY225, KY226, and, to a lesser 
degree, Y-48 treatment resulted in a decrease in 
fibrinogen content of the blood. In addition, in a study 
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in which KY-1 was added directly to human blood at a 
concentration of 75 fig/ml prior to assaying the blood 
plasma in a standard battery of clinical tests, a 
profound decrease in fibrinogen content was observed 
5 (shown in Table 8, below). 

§ i Tfr rombin Time 

Thrombin* time is another measure of the conversion of 

fibrinogen to fibrin, catalyzed in the blood by the 
enzyme thrombin. Prolonged thrombin times can be caused 
by a number of factors, including low fibrinogen levels, 
heparin, and other thrombin inhibitors such as fibrin 
degradation products. 

The assay is carried out by adding a stock quantity of 
purified thrombin to platelet poor plasma samples, as 
described in Example 4G and recording the amount of time 
required for clot formation in the plasma. 

Results of studies in which the compounds KY-1, Y-l and 
Y-49 were tested for effects on TT, as described in 
Example 8, are shown in Figure 19, where it is seen that 
the presence of KY-1 in the plasma sample markedly 
increased thrombin time, whereas Y-49 showed no activity 
at the concentrations tested. 

25 6. Reotilase Assay (Atroxin Time) 

Reptilase, an enzyme isolated from snake (Bothrops 
atrgx) venom, which converts fibrinogen to fibrin, is not 
affected by heparin. It is therefore useful in testing 
for fibrinogen content of the blood of patients receiving 

30 heparin therapy. Blood from patients receiving a 

fibrinolytic agent, such as streptokinase, exhibits 
prolonged atroxin and thrombin times. General procedures 
for carrying out reptilase assays are described in 
Example 4F. 
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Figure 20 shows the effects of increasing 
concentrations of KY-1, Y-l, and Y48 on atroxin time of 
human plasma in vitro . KY-1 prolongation of atroxin time 
only occurred at concentrations approaching 150 /tg/ml, a 
5 concentration much higher than that (25 pg/ml) required 
to significantly prolong thrombin time, as illustrated in 
Figure 19. These results are similar to those observed 
with heparin, wherein high concentrations can be shown to 
prolong reptilase time, and indicate that the effect of 
10 KY-1 on fibrinogen content, reported in Part 4, above, 
can be explained at least in part by an indirect, 
hepar in-like effect on the thrombin present in the assay. 

n . Platelet A ggregation 

15 Compounds, such as aspirin, which interfere with 

platelet aggregation result in prolonged bleeding time, 
integrity of platelet aggregation in a blood sample can 
be measured by a characteristic change in optical 
density of a platelet rich plasma sample in response to 

20 platelet aggregation promoting factors, such as ADP or 
collagen, as described in Example 4H. In studies on 
collagen activated platelet aggregration, carried out as 
described in Example 16, KY-1 and Y-49 at 24 jig/ml and 48 
/tg/ml concentrations had no measureable effect on 

25 collagen- induced aggregation (Figures 21, B, C, F, G) . 
Y-l at 24 /tg/ml and 48 fig/ml showed significant 
inhibition of collagen induced platelet aggregation (Fig. 
21 D, E) . 

30 8 - Plasmj n Activity 

Compounds KY-1, Y-l and Y-49 were tested for plasmin 
chromogenic effects, as described in Example 41. Figures 
22A and 22B show the results of these studies. Both KY-1 
and Y-l exhibited concentration dependent effects on 

35 plasmin chromogenic activity. In terms of enzymatic 



activity, measured as change in absorbance units per 
minute, the inhibitory effect of Y-l at 20, 40, and 80 
/zg/ml were 15%, 28%, and 31% of control plasmin activity 
respectively (Figure 22A) ; for KY-1 at 9 and 19 ng/ml, 
35% and 52% of control activity. At higher doses of KY-1 
and C8, the inhibition was still modest, KY-1 (64 /tg/ml) 
caused 35% inhibition and Y-l (233 ftg/nl) 34% inhibition. 
Heparin at -an equivalent anticoagulant dose in terms of 
TT had no inhibitory effect (Figure 22B) . 

9. Effect of KY-1 on human plasma in Clini cal assays 

A human blood sample was drawn, and KY-1 was added to a 
final concentration (75 /ig/ml) , prior to transport of the 
sample to a licensed clinical testing lab for a battery 
of standard clinical assays. Results of these tests are 
shown in Table 8. It is apparent that at the 
concentration of compound used, all standard assays 
registered abnormal coagulation parameters. 



Table 8 

Effect of KY-1 75 /xg/ml) on Coagulation of 
Human Plasma: Comparison of Clinical Assays 





KY-1 


Normal 


Assay 


Treated 


Range 


Prothrombin Time (PT) 


26.8 sec 


11-13 sec 


APPT 


>300 sec 


24-34 sec 


Fibrinogen 


<30 mg/dL 


160-350 mg/dL 


Thrombin Time 


>100 sec 


13-17 sec 


Reptilase Time 


48.1 sec 


9.6-14.0 sec 
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Q gujnmaxy, gf Effec t * af Mam-ocvrlic Compounds on Blood 
rna qulation 

KY-1 and Y-l serve as prototype napthyl and phenyl 
macrocyclic compounds in analyzing the effects of these 
5 classes of compounds on blood coagulation. Both 

compounds were observed to prolong overall clotting time, 
with approximately equivalent potencies (Table 3); as 
described above, and summarized below, these compounds 
may have slightly different predominant mechanisms of 
10 action. 

KY-1 significantly prolonged PT, APTT, TT and AT in 
vitro (Figure 23). However, concentration-effect studies 
(0.6-180 /ig/ml) clearly showed that the KY-1 prolongation 
of AT only occurred at concentrations approaching 150 
15 ,ig/ml, similar to a heparin-like effect. To determine 
if this was entirely due to a heparin-like effect, a 
further experiment was done in which heparin and KY-1 
were tested at concentrations that gave similar 
prolongation in thrombin times (Figures 24 A-B) . KY-1 at 

20 19 /*g/tti wnich * ave TT of 38 sec showed marked 

prolongation of APTT to >300 sec, while heparin at 0.41 
^g/ml with TT of 49 sec gave APTT of 81 sec. These data 
suggest that the KY-1 anticoagulant effect is not 
entirely due to a heparin-like effect. 

25 Y-l also prolonged PT, APTT, TT and AT. In contrast to 
KY-1, the effect of Y-l on AT was minimal, with no 
prolongation at 400 fig/nl (Figure 20) . Concentration- 
effect studies showed significant prolongation of both PT 
and PTT (* 2 x baseline) at 20 M g/ml with no significant 

30 prolongation in TT at this concentration. TT 

prolongation was only seen at > 75 /xg/ml (Figure 19). 
These data suggest that the anticoagulant effect of Y-l, 
at * 20 /tg/ml range, is most likely not due to a heparin- 
like effect. The simultaneous prolongation of PT and 

35 aPTT suggests that Y-l may be directed against the common 
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pathway. Potential targets include Factor X, Factor V, 
prothrombin (Factor II) or phospholipids. Additionally, 
Y-l exhibited anti-platelet activity. 

The different activity profiles of Y-l and KY-1, which 

5 are taken to be representative of the macrocyclic phenyl- 
and macrocyclic napthyl derivatives respectively, suggest 
that the compounds may be preferred in different 
indications requiring anticoagulant therapy. For 
example, in those cases, such as incertain forms of 

10 valvular heart disease, in which concurrent anti-platelet 
and anti-coagulant therapy is indicated, compounds 
exhibiting the Y-l activity will be indicated. 

Both Y-l and KY-1 were shown to be active jn vjvo, when 
administered either parenterally or orally. Peak effects 

15 after oral administration were dose dependent and were 
observed between about 0.5 and 4 hours following oral 
administration of 450 mg/kg Y-l, as assessed by APTT 
(Table 6) . The apparant distribution half -life of this 
compound, following intravenous administration of 2.5 and 

20 5 mg/kg, as assessed by APTT, is less than an hour, and 
elimination half-life about 3-4 hours with APTT remaining 
above control levels for at least 4 hours in a dose- 
related manner (Figure 17) . 

Studies using Y-l demonstrated that, although as stated 

25 above, the compound does not appear to have a heparin- 

like mechanism of action, its effects can be antagonized 
by protamine sulfate. This finding suggests relatively 
convenient, approved antidote to accidental overdosage 
with the compound. 

30 

IV. Method of Treatment 

In the method of treatment of the invention, an aryl 
macrocyclic compound of the type described in Section II 
is administered to the bloodstream of a patient at risk 
35 for developing thromboembolism. As described above, the 

i 
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compounds of the invention appear to have direct effects 
on a factor or factors present in the coagulation 
cascade, by which they produce their anticoagulant 
effects . 

5 The main routes of drug delivery are intravenous and 

oral, with the preferred route being oral. Other drug- 
administration methods, such as intra-arterial, 
subcutaneous, or nasal insufflation, which are effective 
to deliver the drug into the bloodstream, are also 

10 contemplated. 

The dosage which is administered is a pharmaceutical^ 
effective dose, defined as a dose effective to prolong 
coagulation time of blood in a patient. As seen above, 
compound concentrations in the range of 10-100 pg/al are 
generally effective to inhibit coagulation, as assessed 
by plasma recalcif ication time, APTT or PT, in vitro . 
Thus, for most indications, an effective dose would be 
one which produces a concentration of compound in this 

range in the blood. 

One consideration in any anticoagulant therapy regimen, 
in view of its inherent potential for producing life- 
threatening hemorrhage, is identifying an antidote to the 
therapy; that is, a mode of abrupt discontinuation of 
action of the compound in the event of overdosage of the 
compound. In the method of treatment of the present 
invention, an effective antidote, protamine sulfate, has 
been identified. In the event of overdosage, it is 
anticipated that an amount of protamine sulfate 
approximately equal to or less than the amount of 
compound administered, would be effective to antagonize 
the effects of the drug, the amount of protamine sulfate 
dependent on the time after administration of the 
compound . 
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A. Treatment bv Intravenou s Admin * stration 
Studies on the pharmacokinetics and efficacy of 

intravenously administered macrocyclic compounds -of the 
invention are described above. Briefly, aryl macrocyclic 
5 compounds produce anti-coagulant effects for 4 hours or 
longer in a dose-related manner following intravenous 
administration . 

B. Treatment bv Oral Administration 

10 Studies in support of the present invention, described 

above, show that following oral administration (gavage) , 
macrocyclic compounds of the invention produce 
significant anti-coagulant activity for 4 or more hours, 
the duration of effect being dependent on the dose 

15 administered. 

The following examples illustrate methods of prepa- 
ring tetrameric macrocyclic compounds, in accordance with 
the invention, and their use in inhibiting blood 
coagulation by enveloped viruses. The examples are 

20 intended to illustrate but not limit the scope of the 
invention. 

Materials 

All chemical reagents were obtained from Aldrich 
25 Chemical Co., or from other commercial sources. 

Example 1 

p r p paration of Naphthalene Macm nyclic Compounds 
A. KY-1 (R^OH, R^SOjNa, R 3 =H, R 4 = X^) 

30 To a 41 mM aqueous solution (50 ml) of disodium 

chromotropic acid, 15 ml of 37% formaldehyde was added, 
giving a final molar ratio of 5:1 formaldehyde : chromot- 
ropic acid. The mixture was reacted with stirring in a 
stoppered flask at room temperature for 1 week. The 

35 resulting dark red solution (70 ml) was filtered under 
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vacuum, and the filtrate, after being concentrated was 
precipitated by adding 200 ml of acetonitr ile . The 
precipitated product was collected by filtration -and 
taken to dryness under vacuum. The yield of KY-1 was 
5 95%. The compound was characterized as follows: 
Melting point (M.P.)> 300°C; 

HPLC in CHjCN/MeOH/HjO/TFA: 14'48» single broad peak; 
(IR/KBr) =-3425 (OH) , 1638 (Ar) , 1181, 1044 (S0 3 ) cm* 
UV (HjO): 238.0, 358.5 nm 
10 Mol Weight: 1505 (M+l) by mass spectroscopy; 

H 1 NMR(CD 3 OD) , chemical shifts on the S scale: 5.20 (CH,, 
8.01 (ArH) ppm; 

C a NMR (D 2 0), chemical shifts on the S scale: 27.19, 
120.18, 121.69, 122-06, 122-67, 133-30, 142.97, 154.42 
15 and 181 ppm. Analysis: (C^O.^Na,), x 6 H20 or 
(C 22 H„O t6 S 4 Na 4 ) 2 x 5 ^0 
Found: C 33.17, H 2.54, Na 11.93 

Calculated: C 32.75, H 2.23, Na 11.41; C 33.16, H 
2.13, Na 11.56. 



20 



B. KY-3 (R,=OH, R^SOjNHj, R^H, R 4 = -CHj-) 

KY-l (2mM) was treated with 5 ml chlorosulfonic acid 
and the mixture was stirred at 50°C for one-half hour. 
The resultant mixture was added to 20 g of crushed ice to 
25 precipitate the crude chloride product, which was 
collected by filtration and then washed with ether. 

The crude chloride product was dissolved in 100 ml of 
25% ammonium water solution and allowed to react for 2 
hours at room temperature. The mixture was concentrated 
in vacuo and the remaining oil was dissolved in a small 
amount of water and filtered. The product was precipita- 
ted by adding acetonitrile to the filtrate and collected 
by filtration and washing with acetonitrile. The com- 
pound was characterized as follows: 



30 



35 



WO 92/12708 

t 



Melting point (M.P.)> 300°C; 
Mass spec: 1452 (M^NHj) ; . 

HPLC in CHjCN/MeOH/I^O/TFA: 11 '46" single peak; . 
(IR/KBr) = 3430 (OH), 3187, 1686 (NHj) , 1637 (Ar) , 1211, 
5 1110, 1044 (S0 3 ) CBf 1: 
UV (1^0) : 246 nm; 

H 1 NMR(D 2 0), chemical shifts on the 6 scale: 5.15 (CHj) , 
7.5-8.2 (ArH) ppm; 
Analysis : ( C^OjjS.oN,^) -16Hj0 
10 Found: C 28.62, H 3.93, N 8.82, S 17.17, Na 5.44; 

Calculated: C 28.51, H 3.89, N 9.07, S 17.28, Na 4.97; 

C. KY-42 (Ri«OH, Rj=S0 3 Na, Rj=H, R 4 = >CHCOOH) 

Chromotropic acid, disodium (lOmM) in 50 ml water was 
15 mixed with glyoxylic acid (10.0 mM, in 5 ml water) and 10 

ml of 37% hydrogen chloride at room temperature. The 

mixture was boiled for 8 hours and the color of the 

solution turned to dark red. The resultant solution was 

added to 50 ml of water and filtered. The filtrate was 
20 concentrated and ethanol was added to precipitate the 

product of KY-42. The yield was 87%. The compound was 

characterized as follows: 

Melting point (M.P.)> 300°C; 

Mass spec: 1623 (M-SHp) . 
25 HPLC in CHjCN/MeOH/HjO/TFA: 10' 36" single peak; 

(IR/KBr) = 3452 (OH), 1801, 1719 (Co), 1638 (Ar) , 1206, 

1050 (S0 3 ) cm" 1: 

UV (H^O): 238.0, 351.5, 520 nm; 

H 1 NMR(D 2 0) , chemical shifts on the 6 scale: 7.10 (CHC0 2 H) 
30 8.00 (ArH) ppm; 

C 13 NMR (D 2 0) , chemical shifts on the 6 scale: 116.04, 
118.90, 120.94, 121.27, 122.30, 124.30, 124.68, 126.60, 
128.37, 136.48, 136.71, 140.50, 143.93, 144.26, 145.75, 
152.01, 154.33, 156.01, 156.67; 
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Analysis: (C^H^SgNa^^IijO 
Found: C 32.74, H 2.50; 
Calculated: C 32.58, H 2.71; 



5 D. KY-123 (R,=0H, R^SOjNa, Rj=H, R 4 = >CH 2) 

KY-1 (2mM) was treated with 5 ml chlorosulfonic acid 
and the mixture was stirred at 50«»C for one-half hour. 
The resultant mixture was added to 50 g of crushed ice to 
precipitate the product which was collected by filtration 

LO and then washed with ether. The crude sulfonyl chloride 
product was treated with sodium sulfite (20 mM) in 4 ml 
water. The reaction mixture was kept slightly alkaline 
by addition at intervals of small portions of 50% NaOH 
for 2 days. After solvent removal, ethanol was added to 

15 precipitate the product, which was acidified by addition 
of 50% H^O,, followed by addition of ethanol to precipi- 
tate sodium sulfate. The ethanol phase was mixed with 
ether (1:2, v/v) to precipitate the desired product. 
Product yield was 39%. 

20 

E. KY-147 (R,=0H, R^SOjNHCI^, P^H, R 4 = >CH 2> 

N-methyl chromotropic acid chloride was formed by 
reacting chromotropic acid (disodium salt) with 
thionylchloride in the presence of DMF. The reaction was 

25 carried out with stirring at 80»C for 4 hours. After 
removal of solvent and excess of thionylchloride in 
vacuo, ether was added to precipitate the chromotropic 
acid chloride which was subsequently collected by 
filtration and washed with ether. The crude product was 

30 added to 20 ml of methylamine and stirred for 2 hours. 
After removal of all solvent from the resultant sub- 
stance, the residue was dissolved in a 200 ml of cold 
methanol and filtered. The filtrate was added with 
acetonitrile to precipitate the product chromotropic acid 

35 methyl sulfonamide. Yield 56%. 
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The chronotropic acid methyl sulfonamide (2mM) in 3 ml 
water was reacted with 37% formaldehyde (1ml) at room 
temperature for one week. Acetonitrile was added to 
precipitate the product which was collected by filtration 
5 and washed by acetonitrile. Yield was 85%. 

F. KY-151 (R,=OCH 3 , R 2 =S0 3 Na / Rj=H, R 4 = ^Hj) 

KY-1 (50inM) was dissolved in 80 ml of NaOH water 
solution (0.2M NaOH) and heated to 50°C, dimethylsulf ate 

10 (0.2M) was added slowly for 1 hour. The mixture was 

continuously stirred for another 2 hours and left at room 
temperature for 2 days. Saturated NaCl solution (100 ml) 
was added to the resultant substance and filtered. The 
precipitate was washed with ethanol, acetonitrile and 

15 ether sequentially. The dry substance was dissolved in 
100 ml of methanol and filtered. The filtrate was 
concentrated and ether was added to precipitate the 
methyl ether of KT-1. 

20 G. KY-123 (R,=OH, R 2 =S0 2 CH 3 , R^H, R 4 = 

KY-1 from Example 1A was first treated with thionyl 
chloride to produce chromotropic acid sulfonyl chloride. 
This compound was reduced by excess sodium sulfite in the 
presence of sodium bicarbonate to produce the correspond- 

25 ing sodium sulfonate salt of cyclized chromotropic acid 
(Rj = S0 2 Na) . The sulfonate salt was treated with 
dimethyl sulfate in the presence of NaHC0 3 , and worked up 
as as described in Example 1A. Product yield was about 
21%. 

30 

H. KY-175 (R,=0H, Rj-SOjCHj, R 3 =H, R 4 = >CH 2 ) 

Chromotropic acid was first treated with thionyl chlo- 
ride to produce chromotropic acid sulfonyl chloride. 
This compound was then treated with sodium methoxide in 
35 methanol in the presence of sodium salt. The product was 
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worked up as described in Example 1A to form the 
macrocyclic compound. Product yield was about 29%. 

I. KY-270 (R^OCOCHj, R^SOjNa, R3=H, R 4 = X^) 
5 KY-1 from Example 1A (0.66 mmole) was dissolved in 3 ml 
water containing 0.1 g NaOH. To this was added 1 g 
acetyl chloride (13 mmole) and the reaction was allowed 
to proceed "at room temperature overnight with stirring. 
After solvent removal, 25 ml ethanol was added to preci- 
10 pitate the product. The crude product was dissolved in 
methanol and filtered. The filtrate was allowed to 
precipitate, giving a 87% yield. 

J. KY-346 (R,=0H, R 2 =S0 3 Na, Rj'H, R 4 = -CHj-NfCHj) CRj) 
15 chromotropic acid disodium salt, was dissolved in 80 ml 

of water at a concentration of 50 mM with stirring at 
50°C until the solution turned to clear, hexamethylene- 
tetramine (50 mM) was then added to above solution with 
continuous stirring at the same temperature for addi- 
20 tional two hours. At this time, the color of this mix- 
ture converted to dark blue. The mixture was allowed to 
stir at room temperature for 2 days. The resultant dark 
blue solution was filtered and the filtrate was concent- 
rated, evaporated by flask, which was subsequently trea- 
25 ted with 200 ml methanol to precipitate the product KY- 
346. The yield of KY-346 was 85%. The compound was 
characterized as follows: 
M.P.>300°C; 

HPLC in Cf^CN/MeOH/Hp/TFA: 13 '07" single peak; 
30 (IR/KBr) = 3425 (OH), 1626 (Ar) , 1197, 1052 (SO,) cm* 

UV (1^0): 232.0, 377.5 nm 

Analysis: (C„H n 0 8 NS 2 Na 2 ) 4 x 12 H,0 

Found: C 33.17, H 3.13, N 2.75 

Calculated: C 33.98, H 3.59, N 2.96. 
35 Molecular weight: 1668 by gel filtration. 
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Example 2 

Preparation of Phenvl Macrocvclic Compounds 
A. Y-49 (R,=OH, R2=S0 3 H, R 4 =-CH 2 - , n=4) 

4-tert-butylcalix(4)arene (10 g) was treated with 200 
5 ml of concentrated K 2 S0 4 at room temperature for 0.5 hour 
and then at 75-85 °C oil bath for another 4 hours. The 
reaction was completed when no water- insoluble material 
was detected. The resultant oil was dropped into 500 g 
of crushed ice and the solution was filtered by reduced 

10 pressure. After the water removed away from the 

filtrate, acetonitrile (500 ml) was added to the residual 
and allowed to stand for 4 hours to precipitate the crude 
product which was then collected by filtration and washed 
with acetonitrile, ethyl acetate and ether. Yield 8 g 

15 (73%) . The pure product was furnished by 

recrystallization of the crude compound with methanol- 
ether or methanol-acetonitrile system. The single 
crystal compound was also found in the recrystallization 
process . 

20 Similar methods were used in the synthesis of Y-77 

(R,=OH, R,=S0 3 H , R 4 = -CH 2 -, n=6) and Y-l (R,=OH, R^SC^H, 
R 4 =-CH2~ , n=*8) . 

B. KY-225 (R,= -0H f =0) , R^SC^H, R 4 = ^I^, > CH, n=4) 
25 4-tert-Butylcalix(4)arene (1 g) was treated with 10 ml 

of 95-98% sulfuric acid at room temperature for 0.5 hours 
then at 160 °C for 5 minutes. After the resultant mixture 
was cool, the mixture was poured slowly into 100 ml of 
crushed ice and filtrated. The solution was evaporated 
30 and the residual was added with 300 ml acetonitrile to 
produce great amount of precipitate which was collected 
by filtration and washed with acetonitrile. The crude 
product was dissolved in 20 ml methanol and the product 
was precipitated by addition of diethyl ether. Yield was 
35 84%. 
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Similar methods were used in the synthesis of Y-48 (R,= 
-OH or =0, R 3 =S0 2 H, R 4 = -CH,-, n=6) and Y-226 (R,= -OH or 
=0, R 2 =S0 3 H # R 4 = -CHj-, n=8). 

5 c. O-Acetylate of Y-l (R,= -OCOCH 3 , R 2 =S0 3 Na, R 4 = ^I^, 
n=8) 

Under nitrogen, Y-l (0.4 g) was refluxed in a stirring 
mixture of *NaOAc (305 mg) and acetic anhydride (20 ml) 
for 3 days. After cooling to room temperature, the 

10 suspension was filtered. The solid was washed three 
times with ether (25 ml) and dried in vacuo. The 
resulting solid was sonicated in a mixture of MeOH (50 
ml) and activated charcoal (150 mg) , filtered, and the 
black precipitate was washed twice with MeOH (10 ml) . 

15 The filtrate was concentrated in vacuo. The resulting 
residue was recrystallized from MeOH/acetonitrile 
mixture. The product (240 mg) was obtained after 
filtration and lyophilization. 

»CNMR (D 2 0, 6): 173.9, 151.6, 144.1, 135.6, 130.1, 

20 34.2, and 22.4. 

D. Y-78 (R,= -OH, R 2 =S0 2 NH 2 , R 4 = X^, n=8) 

Under nitrogen, Y-l (1 g) is heated at 60-70-C with 
chlorosulfonic acid (20 ml) for 1 hour. After cooling to 

25 room temperature, the oily material is poured into ice 
water, and the precipitate is filtered. After washing 
the precipitate with cold water, the crude product is 
dissolved in 100 ml of 25% ammonium water solution and 
allowed to react for 2 hours at room temperature. The 

30 mixture is concentrated in vacuo and the remaining oil is 
dissolved in a small amount of water and filtered. The 
product is precipitated by adding acetonitrile to the 
filtrate and collected by filtration and washing with 
acetonitrile. 

35 
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E. Glycyl sulfonamide of Y-l (R,= -OH, R^SO^HCH^H, 
R 4 = >CH 2/ n=8) 

Under nitrogen, Y-l (1 g) is heated at 60-70°C- with 
chlorosulfonic acid (20 ml) for 1 hour. After cooling to 
5 room temperature, the oily material is poured into ice 
water, and the precipitate is filtered. After washing 
the precipitate with cold water, the material is added to 
50 ml of solution containing 5.7 g glycine and 2.1 g 
NaOH, and stirred for 2 hours at room temperature. After 
10 removal of all solvent from the resultant substance, the 
residue is dissolved in a 200 ml of cold methanol and 
filtered. The filtrate is added with acetonitrile to 
precipitate the product. 

15 F. Acetyl-Bridged Y-49 (R,= -OH, R^SOjH, R 4 = -CHC0 2 H, 
n=4) 

4.3 g of p-hydroxybenzenesulfonic acid was treated with 
g gram of glyoxylic acid in 30 ml 18% cone. HC1 for 2 
hours at 100 °C. After the reaction product was dried 
20 under reduced pressure, 50 ml of methanol was added and 
insoluble impurities were removed by filtration. The 
product was precipitated from the filtrate by addition of 
ether then collected by filtration and dried in vacuo. 

25 G. Toluene Sulfonyl Ester of Y-49 (R,= -S0 3 C 6 H 4 CH 3 , 

R2=S0 3 H, R 4 = >CHC0 2 H, n=4) 

Under nitrogen is added toluenesulfonyl chloride (1.9 

g) to a suspension of dry sodium carbonate (1.06 g) , dry 

dimethylformamide (10 ml) and Y-49 (0.75 g) . After an 
30 overnight reflux, the resulting mixture is cooled to room 

temperature and filtered. The filtrate is diluted with 

ether to precipitate out the crude product. 

Recrystallization from acetonitrile/ ether solvent 

provided the product. 
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H. Carboxylic Acid Derivative of Y-49 (R t = -C0 2 H, R^SOjH, 

R 4 = XmCOjH, n=4) . 

Under nitrogen, trif luoromethanesulfonic anhydride (1.0 
ml) is added to ice cold dry dichloromethane solution (10 
ml) of 2,6, di-tert-butyl-4-methylpyridine (1.25 g) and 
4-tert-butylcalix[4]arene (0.65 g) . After overnight 
stirring at room temperature, the mixture is diluted with 
pentane (10 ml) and filtered. The filtrate is extracted 
with ice cold IN aqueous NaOH solution, ice cold IN 
aqueous HCl solution, then saturated aqueous NaCl 
solution, dried over anhydrous sodium sulfate, filtered 
through a pad of silica gel and concentrated in vacuo. 
The residue is dissolved in a mixture of dry 
diisapropylethylamine (10 ml) , trimethylsilyl cyanide 
(0.5 ml) and palladium tetrakis-triphenylphosphine (20 
mg) . After an overnight reflux under nitrogen and then 
cooling to room temperature, ether (50 ml) was added and 
the resulting suspension was filtered. After 
concentration of the filtrate in vacuo and silica gel 
chromatography (hexane/ethyl acetate eluent) , the cyano 
intermediate is heated at 80'C with concentrated sulfuric 
acid (10 ml) for 3 hours, diluted with water (10 ml) and 
refluxed overnight. After cooling to room temperature, 
the resulting mix is added to charcoal (0.5 g) and ice 
(50 g) . After filtration, the resulting filtrate is 
concentrated in vacuo to ca 15 ml in volume and the 
resulting solid was filtered. The solid is dissolved in 
a minimal amount of methanol and precipitated out by 
adding ether. Final purification by reverse phase C18 
chromatography (methanol/water eluent) provide the 
product . 

I. Methyl Ether of Y-l (R, =0Me, R 2 =S0 3 Na, R 4 = >CH 2 , 

n=8) . 

iodomethane (0.58 ml) was added to a heated (50°C) 
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mixture of Y-l (447 mg) , NaOH (6 N in water, 1.53 ml), 
and dimethylsulf oxide (9 ml) for 20 hours. The resulting 
mix was added dropwise into stirring absolute ethanol 
(100 ml) . The resulting suspension was centrifuged 
5 (9,000 rpm, 20 minutes), and then the supernatant was 
removed. Twice, the resulting solid was dissolved in 
water (6 ml), and the resulting solution was treated as 
above with •ethanol, centrifuged, and the supernatant 
removed. The remaining solid was lyophilized to yield 
10 the product (420 mg) . 

13 CNMR (D 2 0, 6): 161.2, 140.9, 137.6, 129.5, 63.6, and 

33.5. 

Example 3 

15 Preparation of Arvl-Bridged Macro cvclic Compound 

Chromotropic acid, disodium (10 g) in 55 ml of water 
was treated with 22 ml of 30 ml 37% HCl. To this 
solution, 1,2-benzenedimethanol (5 g) in 55 ml of acetic 
acid was added and this reaction was carried at reflex 

20 for 6 hours. After filtration of the resultant mixture, 
acetonitrile (500 ml) was added to precipitate the crude 
product and collected it by filtration. The crude 
compound was further purified by column chromatographic 
purification on LH-20 resin and elution with ethanol. 

25 

Example 4 
Anticoagulant Activity Assays 
A. Preparation of Blood samples 

Venous blood samples were taken using clean 
30 venipuncture procedures. Samples were collected in 

collection tubes ( VACUTAINER™ ) containing sodium citrate 
such that 9 parts of blood were added to 1 part of 3.8% 
sodium citrate, and placed in an icebath. Prior to 
centrifugation, blood samples were checked for the 



[ 



WO 92/12708 PCl/UWi/utDU. 



10 



15 



56 

presence of clots, and any tubes containing clots were 
discarded. 

Samples were centrifuged at 1500 x g for 15 minutes in 
a refrigerated clinical centrifuge. Plasma was removed 
from the sample using a non-wettable plastic pipet and 
stored in a non-wettable plastic stoppered tube, at 4*C. 
Plasma samples showing evidence of hemolysis were 
discarded. - Plasma samples were then placed in an icebath 
for testing within 8 hours of collection, or were 
alternatively frozen at -20 o for testing within 1 week of 
collection. All in vivo specimens after drug 
administration were collected into VACUTAINER® 
coagulation tubes for assays of PT, APTT and fibrinogen 
within 8 hours without freezing. 



py -o+ hrombin Assay (PT) 

Plasma samples collected as described in Example 4A, 
were pre-warmed to 37° in a waterbath, then 0.1 ml 
aliguots above were forcibly added to tubes containing 
20 0.2 ml thromboplastin-calcium reagent (Dade® 

Thromboplastin-^ Becton Dickinson) , reconstituted and 
stored according to manufacturers directions, pre-warmed 
and resting in a 3V waterbath. Each tube was timed 
individually while being mixed gently, using the manual 
25 tilt tube method. Time until visible clot formation was 
obtained for each sample. All samples were assayed in 
triplicate, and the clotting times (PT times) were 
averaged. 

30 c. Activate Partial Thromboplastin Ti me (APTTj 

Plasma samples were collected as described in Example 
4A and stored in an icebath until testing. 0.1 ml of 
plasma sample was mixed with 0.1 ml of partial 
thromboplastin (Actin® Activated Cephaloplastin Reagent; 

35 Becton Dickinson) , reconstituted and handled according to 
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manufacturer's instructions, in a 13 x 100mm polyethylene 
tube. The tube containing the mixture was placed in a 
37° water bath for 3 minutes, prior to addition of 0.2 ml 
of pre-warmed (37°) 0.025 M calcium chloride). The tube 
was then tilted gently at 5 second intervals, for a total 
of 20 seconds at 37°, then removed from the water bath 
and the periodic tilting continued as the sample was 
observed for fibrin web formation. All samples were 
assayed in duplicate. 



tv P)asi«a Recalcif ication Tim e ( Plasma Clotting Time) 

Blood was collected in 8% sodium citrate and 
centrifuged for at least 20 minutes at 1500 x g to obtain 
platelet-poor plasma. A 50 microliter aliquot of plasma 

15 was mixed with 50 microliters of physiological saline 
solution, and the mixture was placed in a test tube at 
room- temperature. Twenty-five microliters of pre-warmed 
(37°) 1% (lg/ 100ml) calcium chloride was added to the 
test tube with gentle mixing. The mixture was then 

20 tilted at 1 minute intervals and observed for clot 
formation. 



f Fibrinogen Assay 

Blood was collected as described in Example 1A. 
25 Clotting time was determined after addition of thrombin 

reagent (Data-Fi® Thrombin Reagent, Baxter Healthcare 

Corp., Miami, FL; reconstituted according to 

manufacturer's instructions) a dilute plasma sample. 

This time was compared to a standard curve of clotting 
30 times for samples containing known amounts of fibrinogen, 

to determine fibrinogen concentration of the dilute 

sample. 
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y pop^.ilase A ssay (Atroxin Tiroej 

Blood samples were centrifuged to produce platelet poor 
plasma (1500 x g, 15 min.), as described in Example 4A. 
Plasma samples (0.2 ml) were incubated at 37° for 5 
5 minutes. ATROXIN® (Sigma Chemical Co., St. Louis, MO), 
prewarmed to 37% was added as a 0.1 ml aliquot to each 
sample tube with mixing to initiate the reaction. Time 
to clotting was recorded as Atroxin time. 

10 n. Thrombi? lime Assay fTT) 

Thrombin solution was prepared by diluting concentrated 
stock human a-thrombin (4270 u/ml) into barbital buffered 
saline, pH 7.35 to achieve a 10X concentrated working 
stock. The final concentration of thrombin to be used in 

15 standard assays was determined by testing serial 
dilutions of concentrated stock a-thrombin for its 
ability to produce a clotting time of 20 sec ± 0.5 sec. 
in control platelet poor plasma samples. Platelet poor 
plasma was prepared as described in Example 4A, and 

20 prewarmed at 37 - in 0.18 ml aliquots. Test compounds or 
saline were added to the plasma samples to produce a 
final volume of 0.2 ml. The reaction was initiated by 
addition of 10 ill of 10-fold concentrated stock purified 
human a-thrombin to each sample. Incubation was 

25 continued at 37° with gentle sweeping of each sample 

with a wire loop 2 times per second, until a clot formed 
in the loop. Time to clot formation was recorded for all 
samples . 

30 h. Plate let Aggregation 

Blood samples were drawn with a plastic syringe and 
transferred to plastic test tubes containing a sufficient 
volume of sodium citrate to produce a final concentration 
of 0.011 M sodium citrate in the sample. Samples of 

35 platelet rich plasma (PRP) and platelet poor plasma (PPP) 
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were prepared from each sample by first centrifuging the 
sample at 150 x g for 5 minutes at room temperature and 
collecting the red blood cell free supernatant (PRP) , 
then centrifuging the remaining blood at 1500 x g for 15 
minutes to obtain the PPP supernatant. PRP and PPP were 
held in tightly capped plastic tubes until testing. PRP 
was verified by performing a platelet count and 
determining that platelet levels were between 200,000 and 
300,000 per fil PRP. If necessary, dilution of PRP 
samples with PPP was made to dilute platelets to this 
level. 

A control 0.5 ml sample of PPP was transferred to an 
aggregometer cuvette. Several 0.45 ml samples of room 
temperature PRP were transferred to separate cuvettes. A 
baseline reading of the PPP sample was obtained by 
placing the PPP in the aggregometer and incubating at 37° 
according to aggregometer manufacturer's instructions. A 
PRP sample was then placed in the aggregometer and 
allowed to equilibrate for 2 minutes, prior to addition 
of test reagent contained in 0.05 ml saline. Percent 
aggregation values were obtained for each sample. 

I. Plasm in Assay 

Plasmin chromogenic assays were carried out using a 
standard clinical protocol, at the Stanford University 
Blood Bank. 

Example 5 

Effect of macrocvclic compounds on plasma r ecalcif ication 
{ clotting time) 

Venous blood samples were collected from rat tail vein 
into tubes containing sodium citrate (8%) , and plasma was 
prepared, using procedures described in Example 1A. 
Recalcif ication of plasma was carried out, as described 
in Example ID in a total volume of 0.125 ml. To 50 fil 
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plasma was added 50 fil saline or compound dissolved in 
saline. Plasma recalcif ication was initiated by addition 
of 25 fil 1% (wt/vol) calcium chloride. Effects of these 
studies are shown in Table 3 , in which each compound was 
5 tested at a final concentration of 12.5, 25, and 50 
M g/ml. Clotting time values are expressed as heparin 
equivalent weights, in micrograms. 1 USP unit = 6.4 fig 
heparin. 

10 Example 6 

foot-, of increasing concentr a tions of KY-1. Y-1 and Y-49 

em Prothrombin Tim * fPT) vitro 
KY-1, Y-l and Y-49 were tested in a PT assay using 
platelet poor plasma prepared from human blood, similar 
15 to that described in Example 4B. In this assay, plasma 
samples (0.1 ml) were pre-mixed with 10 M l saline 
containing varying amounts of test compound (0-250 /ig/ml, 
final concentrations) . The resulting mixed aliquots were 
forcibly added to tubes containing 0.2 ml pre-warmed 
20 (37°) Thromboplastin-calcium reagent (Dade® 

Thromboplastin* C, Baxter Healthcare Corp., Hayward, CA) . 
Each tube was timed individually for clot formation while 
subjected to gentle mixing, using the manual tilt tube 
method. Time to clot formation was recorded as PT for 
25 each sample. 

Example 7 

Rffpet of KY-1 . Y-49 an H YjJ on APTT 

KY-1, Y-l and Y-49 were tested in an APTT assay using 
30 platelet poor plasma prepared from human blood, similar 
to that described in Example 4C. Plasma samples were 
collected as described in Example 4A. Plasma samples 
(0.1 ml) were pre-mixed with 0-364 fig of test compound in 
10 fil saline. The mixed samples were added to 0.1 ml of 
35 APTT reagent (Automated APTT®, Organon Teknika Corp., 
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Durham, NC) , prior to addition of 0.2 ml 0.025 M calcium 
chloride, pre-warmed to 37° on a fibrometer plate. The 
sample was timed for formation of fibrin web. 

5 Example 8 

Effect of KY-1. Y-49 and Y-l on T hrombin Time (IT) 
Compounds were tested for effects on thrombin time 
(TT) . Platelet poor human plasma was prewarmed at 37° in 
0.18 ml aliquots in the presence of 20 fil of test 
10 compound (0-190 /*g/ml final concentration) . The reaction 
was initiated by addition of 10 /tl (42u/ml) purified 
human a-thrombin (amount calibrated to give a TT of 20 
sec. in untreated human platelet poor plasma) . Time to 
clot formation was recorded for all samples. 

15 

Example 9 
Reptilase Assay fAtroxin Time) 
Samples of human platelet poor plasma (0.2 ml) were 
incubated at 37° with 10 fil aliquots of saline containing 
20 test compound (final concentration, 0-900 /tg/ml) for 5 
minutes. ATROXIN® (Sigma Chemical Co., St. Louis, MO), 
prewarmed to 37°, was added as a 0.1 ml aliquot to each 
sample tube to initiate the reaction. Time to clotting 
was recorded as Atroxin time. 

25 

Example 10 

Effect of KY-1 and Y-l on Pla stnin Activity 
KY-1 and Y-l were tested for effects on plasmin 
chromogenic activity. KY-1 was tested at concentrations 
30 of 20.3, 40.6, and 81.1 ng/nl final concentration, and Y- 
1 was tested at final concentrations of 9.4 and 18.8 
pg/ml. By way of comparison, heparin was tested at a 
final concentration of 0.41 /tg/ml. Results are shown in 
Figures 22 A-C. 
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Example 12 

Effect of intravenous a ^inistrat.i on of macrocyclic 
im pounds P" pt. APTT and fibrinogen content of, 

rat plasma 

5 Macrocyclic compounds at various concentrations were 
dissolved in phosphate buffered saline (pH 7.4) and 
administered to rats at 2.5, .5, or 25 mg/kg, 
intravenously. At various times after administration, a 
blood sample was taken from each rat, plasma prepared, as 
10 described in Example 4A, and determinations of PT, APTT, 
and fibrinogen content made, as described in Examples 4B, 
4C and 4E, respectively. 

Example 13 

15 Effect of oral Y-l 

op Plasma Clottin g Time 
Female Swiss-Webster mice (27-28 g each) were each 
given 2 doses (500 or 625 mg/kg) of compound or saline 
(PBS) at 30 minute intervals by gastric gavage. Blood 

20 samples were collected into 8% citrate via retro-orbital 
venipuncture 2.5 hours following the initial dosing. 
Blood plasma was obtained, processed as described in 
Example 4A, and assayed for plasma clotting time as 
described in Example 4C. For comparison, Y-l (12 or 20 

25 /ig/ml) was added to plasma samples from saline treated 
control animals, and samples were tested for clotting 
time as described in Example 5. Results of this assay 
are shown in Table 4. 

30 Example 14 

np-j ttip> course of effect of orally administered Y-l on PT 

and APTT 

Rats were given Y-l at a dose of 450 mg/kg by gastric 
gavage. Arterial blood samples were withdrawn at 0.5, 4, 
35 8, 16, and 24 hours through a cannula inserted in the 
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left carotid artery, with tip extending to the descending 
aorta. Plasma samples were prepared as described in 
Example 4A, and tested for PT and APTT, as described in 
Examples 4B and 4C. An additional dose of 225 mg/kg was 
5 administered to a subgroup of animals 23 hours after the 
initial dosing, and plasma from these animals was also 
tested at 24 hours. Results are shown in Table 6. 

Example 15 

10 F T f f ect of intravenous Y-l on PT and APTT 

Male Sprague-Dawley rats (2/dose) were given 2.5 mg/kg 
or 5 mg/kg Y-l intravenously in the lateral tail vein. 
At various time intervals following injection, rats 
(4 /time period) were bled through a cannula inserted in 

15 the cartoid artery to the descending aorta, and the blood 
was processed to obtain plasma, as described in Example 
4A. An APTT assay was carried out on each plasma sample. 

Example 16 

20 Rffect of K Y-1. Y-l, and Y-49 on Platelet Aggregation 

General platelet aggregation assay procedures were used 
as described in Example 41. Collagen dose was titrated 
to give maximal response to platelet aggregation using 
citrated platelet-rich plasma. KY-1 and Y-49 at 24 /xg/ml 

25 and 48 fig/ml concentrations had no effect on collagen- 
induced aggregation (0.47 ^g/ml) . Y-l at 24 ng/ral had a 
slight inhibitory effect while at 48 /xg/ml showed 
significant inhibition. 
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IT IS CLAIMED: 



1. A pharmaceutical composition effective in- 
inhibiting coagulation in a human subject, comprising a 

5 macrocyclic compound composed of aryl ring subunits which 
are connected by ring-attached bridge linkages which form 
a continuous chain of connected atoms making up the 
backbone of the macrocycle, and which contain sulfonic- 
acid derived substituents on non-backbone atoms for the 

10 aryl subunits, and 

a pharmaceutically acceptable carrier in which the 

peptide is carried. 

2. The composition of claim 1, wherein the sulfonic 
15 acid-derived substituents are selected from the group 

consisting of sulfonic acid, sulfonate salt, sulfinic 
acid, sulfinate salt, a sulfone, and a sulfonamide. 

3. The composition of claim 1, wherein the aryl ring 
20 subunits are selected from the group consisting of (a) 

naphthalene subunits with 1- and 8-position polar groups, 
and 3- and 6-position sulfonic acid-derived substituents, 
(b) phenyl subunits with l-position polar groups, and 4- 
position sulfonic acid derived groups, and (c) a mixture 
25 of (a) and (b) , where the bridge linkages are between the 
2 ring-carbon position of one naphthalene or phenyl 
group, and the 7 ring-carbon group of an adjacent 
naphthalene group or 6 ring-carbon position of an 
adjacent phenyl group. 



30 




where is sulfonic acid, sulfonate salt, sulfinic acid, 
15 sulfinate salt, a sulfone, or a sulfonamide, R, is OH, 

=0, an alkyl or aryl ether, ester, or acid, or a mixture 
thereof, R 4 is >CHR", or >CR M , where R" is H or 
carboxylic acid group and n = 4, 6, or 8. 

20 5. The composition of claim 4, wherein R2 is sulfonic 
acid or a sulfonate salt. 

6. The composition of claim 4, wherein R2 is an alkyl 
sulfone or S0 2 NHR, where NHR is NHj, NHOH or an amino 

25 acid. 

7. The composition of claim 3, wherein the compound 
has the form, 
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10 



15 



where is sulfonic acid, sulfonate salt, sulfinic 
acid, sulfinate salt, a sulfone, or a sulfonamide, R, is 
OH, =0, an alkyl or aryl ether, ester, or acid, or a 
mixture thereof, R 4 is >CHR«, or >CR», where R is H or 
carboxylic acid group and n = 4, 6, or 8. 

8. The composition of claim 7, wherein R, is selected 
from the group consisting of -OCOCH 3 , -S0 3 C 6 H 4 CH 3 , -COOH, 
and OMe. 

9. The composition of claim 7, wherein Rj is an alkyl 
sulfone or SO^, where NHR is NHj, NHOH or an amino 
acid. 

10. The composition of claim 7, wherein some of the R, 
groups are =0. 

11. The composition of claim 1, wherein the 
composition is formulated to produce a maximum blood 
concentration between about 10-100 ng/nl of compound, 
following oral administration. 

12. A pharmaceutical composition effective in 
inhibiting blood coagulation in a human subject, 

25 comprising a macrocyclic biocompatible polymer composed 
of at least six regularly spaced sulf onic-acid derived 
substituents selected from the group consisting of an 
alkyl sulfone, and a sulfonamide of the form S0 2 NHR, 
where NHR is NHj, NHOH, or an amino acid, and 

30 a pharmaceutical^ acceptable carrier in which the 

peptide is carried. 

13. The composition of claim 12, wherein the polymer 
is a macrocyclic compound composed aryl ring subunits 

35 which are connected by ring-attached bridge linkages 
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which form a continuous chain of connected atoms making 
up the backbone of the macrocycle, and which contain the 
sulfonic-acid derived substituents on non-backbone atoms 
of the aryl subunits. 

14. The composition of claim 13 , wherein the 
macrocyclic compounds is composed of at least six phenyl 
ring subunits , each containing one such sulfonic-acid 
derived substituent. 

15. A macrocyclic compound which has the form: 



15 




20 

where Rj is sulfonic acid, sulfonate salt, sulfinic acid, 
sulfinate salt, a sulfone, or a sulfonamide, Rj is =0, 
and -OH, an alkyl or aryl ether, ester, or acid, or a 
mixture thereof, R 4 is >CHR" and >CR", where R M is H or 
25 carboxylic acid group and n = 4, 6, or 8. 

16. The compound of claim 15, wherein R Y is selected 
from the group consisting of -OCOCH3, -S0 3 C 6 H 4 CH 3 , -C00H, 
and OMe. 

30 

17. The compound of claim 15, wherein Rj is an alkyl 
sulfone or S0 2 NHR, where NHR is NH 2 , NHOH or an amino 
acid. 
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